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Wklv sdshu ghvfulehv d vwudwhjlf prgho ri edujdlqlqj zlwklq d idplo| wr
ghwhuplqh krz wr fduh iru dq hoghuo| sduhqw1 Zh hvwlpdwh wkh sdudphwhuv
ri wkh prgho xvlqj gdwd iurp wkh Qdwlrqdo Orqj0Whup Fduh Vxuyh|1 Zh
?qg wkdw wkh sdudphwhu hvwlpdwhv jhqhudoo| pdnh vhqvh dqg wkdw wkh prgho
lv frqvlvwhqw zlwk wkh gdwd1 Wkh uhvxowv kdyh vwurqj lpsolfdwlrqv iru xvlqj
ohvv vwuxfwxudo hpslulfdo prghov iru srolf| dqdo|vlv1 Nh|zrugv= Orqj0
Whup Fduh/ Idplo| Edujdlqlqj/ Vwuxfwxudo Hvwlpdwlrq1 MHO Fodvvl?fdwlrq
Frghv= F58/ F:;/ M47
WWkh fruuhvsrqglqj dxwkru lv Vwhyhq Vwhuq/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ylu0
jlqld/ Fkduorwwhvylooh/ YD 55<361
_Zh zrxog olnh wr wkdqn sduwlflsdqwv dw zrunvkrsv dw wkh SDD phhwlqjv/ wkh Xqlyhuvlw| ri
Ylujlqld/ Fduqhjlh0Phoorq Xqlyhuvlw|/ wkh Xqlyhuvlw| ri Qruwk Fdurolqd/ dqg Vhdwwoh Xqlyhuvlw|
iru khosixo frpphqwv1 Doo uhpdlqlqj huuruv duh rxuv1
44 Lqwurgxfwlrq
Dowkrxjk glvdelolw| udwhv dprqj wkh hoghuo| kdyh ghfuhdvhg ehwzhhq 4<;5 wr
4<<7 +Pdqwrq/ Frughu/ dqg Vwdoodug/ 4<<:,/ wkh qxpehu ri glvdeohg hoghuo| lq0
glylgxdov kdv uhpdlqhg dssur{lpdwho| frqvwdqw dw 818 ploolrq +Vshfwru/ hw do1
4<<<, ehfdxvh ri srsxodwlrq djlqj1 Ixuwkhupruh/ wkh ohyho ri glvdelolw| dprqj
wkrvh zkr uhfhlyh orqj0whup fduh kdv lqfuhdvhg +Vshfwru/ hw do1 4<<<,1 Wkhvh
ghprjudsklf dqg khdowk wuhqgv kdyh frlqflghg zlwk d wuhqg dzd| iurp fduh
surylghg e| fkloguhq lq idyru ri frqwlqxhg lqghshqghqfh dqg lqvwlwxwlrqdo fduh1
Zkloh lqghshqghqw olylqj pd| eh ghvludeoh iru hoghuo| lqglylgxdov zkhq ihdvl0
eoh dqg vdih/ wklv rxwfrph pd| uhvxow hyhq li lw lv qrw lghdo ehfdxvh ri idplo|
ghflvlrq pdnlqj g|qdplfv1 Wkh kljk frvw ri lqvwlwxwlrqdo fduh riwhq h{kdxvwv
wkh uhvrxufhv ri qxuvlqj krph uhvlghqwv1 Wkxv/ pdq| hoghuo| lqglylgxdov dqg
wkhlu idplolhv uho| rq Phglfdlg wr fryhu wkhlu orqj0whup fduh h{shqvhv1 Qrw
rqo| grhv qxuvlqj krph fduh w|slfdoo| fuhdwh d juhdwhu gudlq rq sulydwh dqg
sxeolf uhvrxufhv wkdq grhv fduh e| d idplo| phpehu/ exw lqvwlwxwlrqdol}dwlrq lv
olnho| wr lqyroyh juhdwhu vrfldo dqg sv|fkrorjlfdo frvwv iru dq hoghuo| lqglylgxdo
+Pdfnhq/ 4<;9,1 Wkh hfrqrplf/ vrfldo/ dqg sv|fkrorjlfdo lpsolfdwlrqv ri wkh
wuhqg wrzdug lqghshqghqw olylqj dqg lqvwlwxwlrqdo fduh kljkoljkw wkh lpsruwdqfh
ri xqghuvwdqglqj idplolhv* ghflvlrqv frqfhuqlqj fduh iru dq hoghuo| sduhqw1
Dowkrxjk suhgrplqdqwo| hpslulfdo/ wkh orqj0whup fduh olwhudwxuh r>huv vhy0
hudo wkhruhwlfdo prghov1 Wkhvh prghov ydu| dorqj vhyhudo glphqvlrqv= zklfk
idplo| phpehuv sduwlflsdwh lq wkh ghflvlrq0pdnlqj surfhvv/ zklfk w|shv ri fduh
dqg2ru olylqj duudqjhphqwv duh frqvlghuhg/ zkhwkhu idplo| phpehuv kdyh frp0
prq suhihuhqfhv/ dqg zkhwkhu rwkhu ghflvlrqv duh ghwhuplqhg mrlqwo| zlwk orqj0
whup ghflvlrqv1
Prvw ri wkh h{lvwlqj wkhruhwlfdo prghov lqyroyh rqo| rqh fklog lq wkh ghflvlrq0
pdnlqj surfhvv1 Iru h{dpsoh/ Nrwolnr> dqg Pruulv +4<<3, uhvwulfw wkhlu dwwhq0
wlrq wr idplolhv frqvlvwlqj ri dq hoghuo| sduhqw dqg rqo| rqh fklog1 Sh}}lq dqg
Vfkrqh +4<<9/ 4<<:, dqg Vordq/ Slfrqh/ dqg Krhujhu +4<<:, suhvhqw prghov wkdw
dsso| wr idplolhv ri dq| vl}h/ exw rqo| rqh fklog sod|v d uroh lq wkh idplo|*v orqj0
whup fduh ghflvlrq1 Rqo| Krhujhu/ Slfrqh/ dqg Vordq +4<<9, dqg Hqjhuv dqg
Vwhuq +4<<;, suhvhqw prghov wkdw dffrpprgdwh d yduldeoh qxpehu ri fkloguhq
dqg wkh srvvlelolw| wkdw doo fkloguhq sod| d uroh lq orqj0whup fduh ghflvlrqv1
Jlyhq wkh ydulhw| ri orqj0whup fduh duudqjhphqwv dqg wkh frqqhfwlrq eh0
wzhhq fduh dqg olylqj duudqjhphqwv/ rqh prgho fdqqrw fdswxuh doo srvvleoh dv0
shfwv ri d idplo|*v orqj0whup fduh dqg olylqj duudqjhphqwv1 Ghshqglqj rq
wkh irfxv ri wkh sdshu/ wkh fkrlfh yduldeohv lq wkhvh prghov lqyroyh olylqj du0
udqjhphqwv +Nrwolnr> dqg Pruulv 4<<3/ Krhujhu/ Slfrqh/ dqg Vordq 4<<9,/ fduh
duudqjhphqwv +Vordq/ Slfrqh/ dqg Krhujhu 4<<:/ Hqjhuv dqg Vwhuq 4<<;,/ ru
erwk +Sh}}lq dqg Vfkrqh 4<<9/ 4<<:,1 Nrwolnr> dqg Pruulv +4<<3, suhvhqw
d prgho zkhuh sduhqw dqg fklog ghflgh zkhwkhu wr irup dq lqwhujhqhudwlrqdo
krxvhkrog ru wr pdlqwdlq vhsdudwh krxvhkrogv1 Lq Krhujhu/ Slfrqh/ dqg Vordq
+4<<9,/ wkh idplo| idfhv d wklug srvvleoh olylqj duudqjhphqw iru wkh sduhqw= qxuv0
lqj krphv1 Lq Hqjhuv dqg Vwhuq +4<<;, / wkh idplo| ghflghv zkhwkhu wkh sduhqw
zloo frqwlqxh wr olyh lqghshqghqwo| zlwkrxw fduh/ uhfhlyh fduh iurp rqh ri wkh
5fkloguhq/ ru pryh wr d qxuvlqj krph1 Sh}}lq dqg Vfkrqh +4<<9/ 4<<:, mrlqwo|
prgho olylqj duudqjhphqwv zlwk wkh surylvlrq ri fduh e| wkh fklog +lq wklv fdvh/
d gdxjkwhu,1 Lq Vordq/ Slfrqh/ dqg Krhujhu +4<<:,/ wkh fkrlfh yduldeohv duh qrw
wkh w|sh ri fduh ru olylqj duudqjhphqw exw krxuv ri irupdo fduh +sdlg fduh, dqg
lqirupdo fduh +fduh surylghg e| wkh fklog,1
Wzr ri wkh sdshuv lq wklv olwhudwxuh dvvxph wkdw d vlqjoh krxvhkrog xwlolw|
ixqfwlrq lv dssursuldwh lq wkh frqwh{w ri hoghuo| sduhqwv dqg wkhlu dgxow fkloguhq1
Fruuhvsrqglqj wr hdfk srvvleoh olylqj duudqjhphqw lq Krhujhu/ Slfrqh/ dqg Vordq
+4<<9, lv d idplo| xwlolw| ixqfwlrq dqg exgjhw frqvwudlqw1 Lq Nrwolnr> dqg
Pruulv +4<<3,/ wkh sduhqw dqg fklog vroyh vhsdudwh pd{lpl}dwlrq sureohpv li
wkh| olyh vhsdudwho| exw pd{lpl}h d zhljkwhg dyhudjh ri wkhlu lqglylgxdo xwlolw|
ixqfwlrqv vxemhfw wr wkhlu srrohg exgjhw frqvwudlqw li wkh| olyh wrjhwkhu1 Lq wklv
odwwhu fdvh/ wkh zhljkwv duh ghwhuplqhg e| d edujdlqlqj surfhvv1 Wkh uhpdlqlqj
prghov lq wklv olwhudwxuh +Sh}}lq dqg Vfkrqh/ 4<<9/ 4<<:> Vordq/ Slfrqh/ dqg
Krhujhu/ 4<<:> Hqjhuv dqg Vwhuq/ 4<<;, duh jdph0wkhruhwlf dqg wkxv lqyroyh
vhsdudwh xwlolw| ixqfwlrqv iru hdfk idplo| phpehu1
Vlqfh wkh surylvlrq ri fduh e| dgxow fkloguhq pd| eh ghwhuplqhg vlpxowd0
qhrxvo| zlwk wkhlu oderu irufh ehkdylru/ lghdoo| wkhvh wzr ghflvlrqv vkrxog eh
prghoohg mrlqwo|1 Sh}}lq dqg Vfkrqh +4<<9/ 4<<:, prgho oderu irufh sduwlflsd0
wlrq ri dgxow fkloguhq mrlqwo| zlwk fduh dqg2ru olylqj duudqjhphqwv1 Vlploduo|/
lqwhu0 ru lqwudjhqhudwlrqdo wudqvihuv pd| eh pdgh dv sduw ri d idplo|*v orqj0
whup fduh ghflvlrq1 Wklv srvvlelolw| pd| eh fdswxuhg e| dvvxplqj wkdw wkh
idplo| srrov lwv lqfrph +h1j1/ Krhujhu/ Slfrqh dqg Vordq/ 4<<9, ru e| h{solflwo|
prghoolqj vlgh sd|phqwv dprqj idplo| phpehuv1 Sh}}lq dqg Vfkrqh +4<<:,
prgho lqwhujhqhudwlrqdo fdvk wudqvihuv mrlqwo| zlwk fduhjlylqj/ lqwhujhqhudwlrqdo
krxvhkrog irupdwlrq/ dqg oderu irufh ehkdylru1 Lq rqh ri wkh prghov lq Hq0
jhuv dqg Vwhuq +4<<;,/ idplo| phpehuv fkrrvh wkh orqj0whup fduh dowhuqdwlyh
wkdw pd{lpl}hv wkhlu mrlqw sd|r> dqg pdnh dq| qhfhvvdu| vlgh sd|phqwv dprqj
wkhpvhoyhv1
Lq doo ri wkhvh prghov/ hoghuo| sduhqwv dqg wkhlu dgxow fkloguhq mrlqwo| vhohfw
olylqj dqg2ru fduhjlylqj duudqjhphqwv1 Prvw ri wkhvh prghov duh jdph0wkhruhwlf
dqg wkxv dffrpprgdwh wkh srvvlelolw| wkdw hoghuo| sduhqwv dqg wkhlu dgxow fklo0
guhq kdyh gl>huhqw suhihuhqfhv1 Krzhyhu/ zlwk wkh h{fhswlrq ri Hqjhuv dqg
Vwhuq +4<<;,/ wkh jdph0wkhruhwlf prghov lq wklv olwhudwxuh duh edvhg rq wkh dv0
vxpswlrq wkdw rqo| rqh dgxow fklog sduwlflsdwhv lq wkh ghflvlrq0pdnlqj surfhvv1
Wklv dvvxpswlrq frqvlghudeo| vlpsol?hv prghoolqj dqg hvwlpdwlrq exw revfxuhv
wkh g|qdplfv zlwklq wkh |rxqjhu jhqhudwlrq Lq sudfwlfh/ pruh wkdq rqh dgxow
fklog lq d idplo| pd| sduwlflsdwh lq wkh idplo|*v orqj0whup fduh ghflvlrq/ dqg
dgxow vleolqjv pd| glvdjuhh uhjduglqj wkh ehvw vrxufh ri fduh iru dq hoghuo|
sduhqw1 Wkh srwhqwldo glvdjuhhphqw dprqj dgxow vleolqjv dqg ehwzhhq dgxow
fkloguhq dqg hoghuo| sduhqwv prwlydwhv wkh ghyhorsphqw ri d jdph0wkhruhwlf
iudphzrun zkhuh wkh sod|huv lqfoxgh wkh sduhqw dqg doo ri khu fkloguhq1 Wkh
srwhqwldo glvxwlolw| ri fhuwdlq rxwfrphv +h1j1/ surylglqj fduh/ lqvwlwxwlrqdol}lqj
wkh sduhqw, pd| jhqhudwh vwudwhjlf lqwhudfwlrq dprqj dgxow vleolqjv1 Iru h{0
dpsoh/ d fklog pd| suhihu wr r>hu fduh iru d sduhqw lq wkh devhqfh ri d vlplodu
r>hu iurp d vleolqj exw pd| suhihu qrw wr r>hu fduh lq wkh suhvhqfh ri d vleolqj*v
6r>hu1 Wkh srvvlelolw| ri vxfk vwudwhjlf sod| vxjjhvwv wkdw d qrq0frrshudwlyh
prgho pd| eh dssursuldwh1
Dffruglqjo|/ zh prgho wkh idplo|*v orqj0whup fduh ghflvlrq dv d wzr0vwdjh
qrq0frrshudwlyh jdph1 Iroorzlqj Hqjhuv dqg Vwhuq +4<<;,/ wkh sod|huv ri wkh
jdph duh dq hoghuo| sduhqw zkr lv ixqfwlrqdoo| lpsdluhg exw olylqj lqghshqghqwo|
dqg khu4 fkloguhq1 Lq wkh ?uvw vwdjh ri wkh jdph/ hdfk fklog vlpxowdqhrxvo|
dqqrxqfhv zkhwkhu vkh r>huv wr fduh iru wkh sduhqw1 Lq wkh vhfrqg vwdjh/ wkh
sduhqw fkrrvhv dprqj wkh dydlodeoh fduh duudqjhphqwv1 Wkhvh lqfoxgh dq|
r>huv pdgh e| wkh fkloguhq/ qxuvlqj krph fduh/ dqg frqwlqxhg lqghshqghqfh1
Lq frqwudvw wr Hqjhuv dqg Vwhuq +4<<;,/ edujdlqlqj dprqj fkloguhq dqg vlgh
sd|phqwv sod| qr uroh lq rxu prgho> lqvwhdg/ wkh fkloguhq lqwhudfw vwudwhjlfdoo|1
Wkxv/ rxu dssurdfk lv pruh lq wkh vslulw ri Ehuqkhlp/ Vfkohlihu/ dqg Vxpphuv
+4<;8, dqg Krurzlw} +4<;8,1 Wkh dvvxpswlrq wkdw fkloguhq gr qrw pdnh vlgh
sd|phqwv vlpsol?hv wkh prgho dqg surylghv d pruh lqwxlwlyh huuru vwuxfwxuh1 Zh
vshfli| hdfk lqglylgxdo*v suhihuhqfhv dv d ixqfwlrq ri wkh sduhqw*v fkdudfwhulvwlfv
dqg hdfk fklog*v fkdudfwhulvwlfv dqg hvwlpdwh wkh prgho xvlqj gdwd iurp wkh
Qdwlrqdo Orqj0Whup Fduh Vxuyh|1 Wr frqwuro iru wkh srwhqwldo hqgrjhqhlw| ri
vrph ri wkh fklog fkdudfwhulvwlfv/ zh xvh dq lqvwuxphqwdo yduldeohv dssurdfk +vhh
Vwhuq/ 4<<8,1
Wkh hfrqrphwulf prghov lq wkh orqj0whup fduh olwhudwxuh duh dv ydulhg dv
wkh wkhruhwlfdo prghov1 Prvw sdshuv suhvhqw uhvxowv edvhg rq qrqvwuxfwxudo
prghov +Erhuvfk0Vxsdq/ Nrwolnr>/ dqg Pruulv/ 4<;;> Zroi dqg Vrogr/ 4<;;>
Nrwolnr> dqg Pruulv/ 4<<3> Ohh/ Gz|hu/ dqg Frzdug/ 4<<3> Fxwohu dqg Vkhlqhu/
4<<6> Krhujhu/ Slfrqh/ dqg Vordq/ 4<<9> Vordq/ Slfrqh/ dqg Krhujhu/ 4<<:,/ exw
vhyhudo uhfhqw sdshuv suhvhqw uhvxowv edvhg rq vwuxfwxudo prghov +Nrwolnr> dqg
Pruulv/ 4<<3> Sh}}lq dqg Vfkrqh/ 4<<9/ 4<<:> Hqjhuv dqg Vwhuq/ 4<<;,
Vwuxfwxudo prghoolqj ri idplo| ehkdylru r>huv vhyhudo dgydqwdjhv1 Iluvw/
vwuxfwxudo prghoolqj uhtxluhv yhu| h{solflw prghov zkhuh ehkdylru lv edvhg rq
rswlpl}dwlrq dqg htxloleulxp frqglwlrqv1 Vhfrqg/ lw hqdeohv rqh wr dgguhvv lv0
vxhv vxfk dv krz idplolhv pdnh ghflvlrqv dqg krz sursrvhg srolf| fkdqjhv zrxog
d>hfw lqglylgxdo idplo| phpehuv1 Wklv dgydqwdjh fdq eh looxvwudwhg e| frqvlg0
hulqj wkh lpsolfdwlrqv ri wkh qrqvwuxfwxudo prgho lq Fxwohu dqg Vkhlqhu +4<<6,1
Wkhlu uhvxowv surylgh lpsolfdwlrqv ri fkdqjhv lq Phglfdlg ?qdqflqj uxohv rq eh0
kdylru exw qrw rq wkh zhoo0ehlqj ri ydulrxv idplo| phpehuv1 Wkxv/ wkhlu zrun
kdv olplwhg ydoxh iru h!flhqf| dqg glvwulexwlrqdo dqdo|vlv1 Wklug/ wkh uhvxowv
edvhg rq vwuxfwxudo prghov vxjjhvw gluhfwlrqv iru ehwwhu prghov dqg iru ehwwhu
gdwd1 Irxuwk/ vwuxfwxudo prghoolqj surylghv d vwhs iruzdug lq wkh hvwlpdwlrq ri
jdph0wkhruhwlf prghov1 Iru wkhvh uhdvrqv/ zh hvwlpdwh d vwuxfwxudo prgho ri
idplo| ghflvlrq0pdnlqj1
Wzr glvdgydqwdjhv ri vwuxfwxudo prghoolqj duh zruwk phqwlrqlqj1 Iluvw/
jlyhq wkh kljk frvw ri hvwlpdwlqj vwuxfwxudo prghov/ h{whqvlyh vhqvlwlylw| dqdo|vhv
duh lqihdvleoh1 Vhfrqg/ wkh kljk ghjuhh ri vwuxfwxuh lq wkh prgho pd| gulyh vrph
ri wkh hvwlpdwlrq uhvxowv> krzhyhu/ zlwk hqrxjk dqdo|vlv/ zh fdq glvfryhu wkh
4Wkurxjkrxw wkh sdshu/ zh xvh ihpdoh surqrxqv dv wkh jhqhulf surqrxqv1 Wklv grhv qrw
phdq wkdw rqo| prwkhuv qhhg fduh ru wkdw rqo| gdxjkwhuv surylgh fduh1
7fdxvh ri rxu uhvxowv1 Dowhuqdwlyho|/ lw lv gl!fxow wr dqdo|}h d qrqvwuxfwxudo
prgho wr wkh ghjuhh wkdw lw lv xqghuvshfl?hg1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh gdwd dqg surylghv
ghvfulswlyh vwdwlvwlfv1 Vhfwlrq 6 suhvhqwv wkh wkhruhwlfdo prgho1 Wkh hvwlpdwlrq
surfhgxuh lv ghvfulehg lq vhfwlrq 71 Sdudphwhu hvwlpdwhv/ frpsdudwlyh vwdwlfv/
dqg vshfl?fdwlrq whvwv duh uhsruwhg lq vhfwlrq 81 Vhfwlrq 9 h{dplqhv wkh zhoiduh
lpsolfdwlrqv ri wkh jdph0wkhruhwlf prgho1 Vhfwlrq : surylghv frqfoxvlrqv1
5G d w d
Wr hvwlpdwh wkh prgho/ zh xvh gdwd iurp wkh 4<;5 dqg 4<;7 zdyhv ri wkh Qd0
wlrqdo Orqj0Whup Fduh vxuyh| +QOWFV,1 Wkh 4<;5 QOWFV frqvlvwv ri 96<6
lqglylgxdov djhg 98 dqg roghu zkr zhuh gudzq iurp Phglfduh hquroophqw ?ohv
dqg vfuhhqhg iru ixqfwlrqdo lpsdluphqw dqg lqvwlwxwlrqdol}dwlrq1 Wkrvh zkr
uhsruwhg sureohpv zlwk dfwlylwlhv ri gdlo| olylqj +DGOv, ru zlwk lqvwuxphq0
wdo dfwlylwlhv ri gdlo| olylqj +LDGOv, exw zhuh qrw lqvwlwxwlrqdol}hg sdvvhg wkh
vfuhhq1 Uhjdugohvv ri wkhlu olylqj duudqjhphqwv lq 4<;7/ doo ri wkh lqglylgxdov
zkr zhuh holjleoh iru wkh 4<;5 lqwhuylhz zhuh dovr holjleoh iru wkh 4<;7 lqwhu0
ylhz15 Erwk wkh 4<;5 dqg wkh 4<;7 lqwhuylhzv lqfoxgh ghprjudsklf lqirupdwlrq
uhjduglqj wkh vdpsohg lqglylgxdov dv zhoo dv wkhlu fkloguhq1 Wkh vdpsoh vhohfwhg
iru wklv sdshu lqfoxghv 4<85 lqglylgxdov zkr uhvsrqghg wr erwk wkh 4<;5 dqg wkh
4<;7 vxuyh|v/ olyhg lqghshqghqwo| +dv gh?q h ge h o r z ,l q4 < ; 5 /k d gi r x ur ui h z h u
fkloguhq/ dqg surylghg lqirupdwlrq rq doo ri wkh hvvhqwldo yduldeohv1 Iurp dq
ruljlqdo vdpsoh ri 58/734 lqglylgxdov/ 4</538 revhuydwlrqv zhuh uhmhfwhg ehfdxvh
wkh| idlohg wkh 4<;5 vxuyh| vfuhhqlqj whvw +dqg wkxv zhuh qrw dvnhg dq| ri wkh
uhohydqw txhvwlrqv,/ dqg 4/639 revhuydwlrqv zhuh uhmhfwhg ehfdxvh wkh| glg qrw
dqvzhu wkh 4<;7 txhvwlrqv1 Dqrwkhu ;34 revhuydwlrqv zhuh orvw gxh wr plvvlqj
lqirupdwlrq rq jhqghu/ udfh/ djh/ ru hgxfdwlrq ri wkh sduhqw +zlwk qr uhdvrqdeoh
zd| wr lpsxwh wkh plvvlqj ydoxh,/ dqg 975 zhuh orvw gxh wr plvvlqj lqirupdwlrq
rq wkh fkloguhq1 Wklv ohiw 6/77: sduhqwv iru zkrp wkhuh zdv lqirupdwlrq rq doo
ri wkh hvvhqwldo yduldeohv ru iru zkrp wkh plvvlqj yduldeoh ydoxhv frxog eh lp0
sxwhg frq?ghqwo| +vhh ehorz,1 Zh xvh wkh 4<;5 gdwd wr frqvwuxfw lqvwuxphqwv
iru srwhqwldoo| hqgrjhqrxv h{sodqdwru| yduldeohv dqg wkh 4<;7 gdwd wr hvwlpdwh
wkh prgho1
Wkh ghshqghqw yduldeoh lq rxu prgho lv wkh sduhqw*v sulpdu| fduh duudqjh0
phqw lq 4<;71 D idplo| zlwk q fkloguhq idfhv q .5rswlrqv= wkh sduhqw frxog
olyh lq d qxuvlqj krph/ uhfhlyh fduh iurp rqh ri khu fkloguhq/ ru uhpdlq lq wkh
frppxqlw| zlwkrxw fduh iurp d fklog1 D sduhqw zkr olyhv lq d qxuvlqj krph lv
ghvljqdwhg dv uhfhlylqj fduh iurp wkh qxuvlqj krph +dqg qrw iurp fkloguhq, hyhq
li rqh ru pruh fkloguhq dovr surylgh fduh1 Li wkh sduhqw uhfhlyhv fduh iurp pruh
wkdq rqh fklog/ zh ghvljqdwh wkh fklog zkr surylghv wkh prvw fduh wkh sulpdu|
fduhjlyhu1 Wkh odvw rswlrq lqfoxghv fdvhv zkhuh fkloguhq olyh zlwk wkh sduhqw
5Lq wkh fdvh ri ghdwk ehwzhhq wkh wzr vxuyh|v/ wkh ghfhdvhg lqglylgxdo*v qh{w ri nlq zdv
lqwhuylhzhg lq 4<;71 Wkh 4<;7 QOWFV dovr lqfoxghv vrph lqglylgxdov zkr glg qrw sdvv wkh
vfuhhq lq 4<;5 exw wkhvh lqglylgxdov duh qrw lqfoxghg lq rxu vdpsoh1
8exw surylgh qr fduh/ fdvhv zkhuh wkh sduhqw olyhv zlwk d vsrxvh ru d iulhqg/ dqg
fdvhv zkhuh wkh idplo| kluhv sdlg fduh1 Zh djjuhjdwh doo fduh duudqjhphqwv
wkdw lqyroyh qhlwkhu lqvwlwxwlrqdo fduh qru fduh iurp d fklog ehfdxvh wkhuh duh
qrw hqrxjk revhuydwlrqv lq wkh gdwd wr wuhdw wkhp vhsdudwho| +fduh iurp iulhqgv
ru rwkhu uhodwlyhv/ sdlg fduh,/ wkh| gr qrw ?w lq wkh prgho zhoo +sdlg fduh,/ ru
wkh| duh qrw d fkrlfh yduldeoh +pdulwdo vwdwxv lv h{rjhqrxv,1 Lq sduwlfxodu/ zh
dvvxph wkdw dq h{lvwlqj vsrxvh zrxog surylgh vrph ru doo ri wkh fduh iru wkh
ghshqghqw sduhqw li kh frxog> l1h1/ fduh e| vsrxvh lv qrw d vwudwhjlf fkrlfh lq wkh
vdph zd| wkdw wkh fkrlfhv zh duh prghoolqj duh1 Iru hdvh ri h{srvlwlrq/ zh
fodvvli| wklv odvw rswlrq dv 3olylqj lqghshqghqwo|14
Rxu h{sodqdwru| yduldeohv lqfoxgh fkdudfwhulvwlfv ri wkh sduhqw dqg wkh fklo0
guhq1 Wkh sduhqwdo fkdudfwhulvwlfv duh jhqghu/ djh/ hgxfdwlrq/ pdulwdo vwdwxv/
udfh/ dqg ydulrxv DGO sureohpv61 Wkh fkloguhq*v fkdudfwhulvwlfv duh jhqghu/ djh/
pdulwdo vwdwxv/ glvwdqfh iurp wkh sduhqw/ hpsor|phqw vwdwxv/ vsrxvh*v hpsor|0
phqw vwdwxv/ dqg qxpehu ri fkloguhq +l1h1/ judqgfkloguhq ri wkh hoghuo| sduhqw,1
Wkh prgho dovr lqfoxghv phdvxuhv ri hdfk fklog*v fkdudfwhulvwlfv uhodwlyh wr hdfk
ri khu vleolqjv +h1j1/ gxpp| yduldeohv zklfk lqglfdwh zkhwkhu wkh fklog lv wkh
roghvw pdoh ru wkh roghvw ihpdoh fklog dqg glvwdqfhv ehwzhhq fkloguhq,1
Lq dgglwlrq wr sduhqwdo dqg fklog fkdudfwhulvwlfv/ wkh prgho lqfoxghv wkuhh
Phglfdlg srolf| yduldeohv wkdw ydu| e| wkh sduhqw*v vwdwh ri uhvlghqfh1 Vshfl?0
fdoo|/ wkh prgho lqfoxghv wkh vwdwh*v frxqwdeoh uhvrxufh olplw dqg gxpp| ydul0
deohv lqglfdwlqj zkhwkhu wkh vwdwh kdv dq lqfrph olplw iru Phglfdlg holjlelolw|
dqg zkhwkhu wkh vwdwh kdv d 3phglfdoo| qhhg|4 surjudp1 Lq wkh suhvhqfh ri vxfk
d surjudp/ lqglylgxdov pd| ghgxfw phglfdo frvwv iurp lqfrph lq ghwhuplqlqj
holjlelolw| iru Phglfdlg> wkxv/ lq vxfk vwdwhv/ pdq| plggoh0fodvv lqglylgxdov duh
holjleoh iru Phglfdlg ?qdqflqj ri qxuvlqj krph vwd|v1
Ghvfulswlyh vwdwlvwlfv duh surylghg lq Wdeoh 41 Dv lqglfdwhg lq wkh wdeoh/ prvw
ri wkh vdpsohg sduhqwv uhfhlyh qhlwkhu lqvwlwxwlrqdo fduh qru fduh iurp d fklog lq
4<;7= :81<( ri wkh vdpsohg sduhqwv olyh lqghshqghqwo|/ 4818( uhfhlyh fduh iurp
d fklog/ dqg ;19( olyh lq d qxuvlqj krph1 Wkh sduhqwv duh suhgrplqdqwo| zklwh
dqg ihpdoh/ urxjko| kdoi duh pduulhg/ dqg wkh dyhudjh qxpehu ri sureohpv zlwk
dq DGO lv 41391 Rq dyhudjh/ wkhvh lqglylgxdov duh djhg ::17/ kdyh <16 |hduv ri
vfkrrolqj/ dqg kdyh 417 fkloguhq1 Doprvw kdoi ri wkh sduhqwv olyh lq vwdwhv zlwk
d phglfdoo| qhhg| surjudp1 Wkh w|slfdo fklog lv pduulhg/ hpsor|hg/ dqg derxw
78 |hduv rog1
Jlyhq lwv vl}h dqg vfrsh/ wkh QOWFV surylghv wkh ehvw vrxufh ri gdwd iru wklv
dqdo|vlv1 Krzhyhu/ dv glvfxvvhg lq Vwhuq +4<<8, dqg Hqjhuv dqg Vwhuq +4<<;,/
wkh QOWFV kdv vhyhudo vhulrxv  dzv= wkh qxpehu ri judqgfkloguhq lq 4<;7 lv
vhyhuho| xqghuuhsruwhg/ wkh qxpehu ri uhsruwhg fkloguhq ghfuhdvhv wrr gudpdw0
lfdoo| ehwzhhq 4<;5 dqg 4<;7/ dqg wkh lqfrph yduldeoh lv qrlv| dqg iuhtxhqwo|
plvvlqj +dqg wkxv lv qrw xvhg lq wklv dqdo|vlv,1 Wkhuh duh dovr pdq| glvfuhs0
dqflhv ehwzhhq uhsruwhg ydoxhv ri fhuwdlq yduldeohv dfurvv wkh wzr vxuyh| |hduv>
zh xvh uhdvrqdeoh lpsxwdwlrq phwkrgv ghyhorshg lq Vwhuq +4<<8, wr fohdq wkh
6Wr eh ghvljqdwhg dv kdylqj d sduwlfxodu DGO sureohp/ rqh pxvw vd| wkdw vkh kdv gl!fxow|
shuiruplqj wkh DGO ru xvhv vshfldo htxlsphqw wr shuirup wkh DGO1
9gdwd1
6H f r q r p l f P r g h o
Frqvlghu d idplo| zlwk dq hoghuo| sduhqw dqg q fkloguhq1 Wkh idplo| idfhv
q .5srwhqwldo orqj0whup fduh duudqjhphqwv iru wkh hoghuo| sduhqw= wkh sduhqw
frxog frqwlqxh wr olyh lqghshqghqwo|/ uhfhlyh fduh iurp rqh ri wkh q fkloguhq/ ru
pryh wr d qxuvlqj krph1 Wkhvh fduh duudqjhphqwv duh lqgh{hg zlwk m zkhuh
m @3uhsuhvhqwv wkh rxwfrph zkhuh wkh sduhqw uhpdlqv lqghshqghqw/ 4 Ø m Ø q
uhsuhvhqwv wkh rxwfrph zkhuh wkh sduhqw uhfhlyhv fduh iurp wkh mwk roghvw fklog/
dqg m @ q .4uhsuhvhqwv wkh rxwfrph zkhuh wkh sduhqw pryhv wr d qxuvlqj
krph1
Hdfk idplo| phpehu l +dovr rughuhg e| djh ehjlqqlqj zlwk wkh sduhqw, uh0
fhlyhv xwlolw| Ylm iurp wkh vhohfwhg fduh duudqjhphqw m1 Ylm lqfoxghv dowuxlvwlf
frqfhuqv iru doo ri wkh rwkhu idplo| phpehuv1 Fkloguhq pd| kdyh dowuxlvwlf
frqfhuqv qrw rqo| iru wkhlu sduhqw exw dovr iru wkhlu vleolqjv1 Iru h{dpsoh/ li
idplo| phpehu l lv yhu| frqfhuqhg derxw wkh exughq wkdw idplo| phpehu m zloo
lqfxu li m fduhv iru wkh sduhqw/ wkhq Ylm zloo eh orzhu wkdq lw zrxog kdyh ehhq
zlwkrxw vxfk dq dowuxlvwlf frqfhuq rq l*v sduw1 Zh ghfrpsrvh Ylm lqwr frpprq
nqrzohgjh dqg sulydwh lqirupdwlrq frpsrqhqwv=
Ylm @ ￿ Ylm . %lm m @3 >4>===>q .4
l @3 >4>===>q +4,
zkhuh l @3uhsuhvhqwv wkh sduhqw dqg l @4 >5>==>q uhsuhvhqw wkh fkloguhq1
Wkh ￿ Ylm frpsrqhqw lv frpprq nqrzohgjh wr doo idplo| phpehuv/ exw wkh %lm
frpsrqhqw lv revhuyhg rqo| e| idplo| phpehu l1 Zh qrupdol}h ￿ Yl3 @3iru
doo l zlwkrxw orvv ri jhqhudolw|1 Ixuwkhu/ zh dvvxph %l @+ %l3>% l4>===>%lq.4,3 ￿
llg Q+3>￿5
%L,1 Dvvxplqj wkdw %l lv lqghshqghqw ri %o lv qrw xquhdvrqdeoh dqg
juhdwo| vlpsol?hv frpsxwdwlrq1 Dvvxplqj H%l%3
l @ ￿5
%L lv grqh rqo| ehfdxvh lw lv
xqolnho| zh frxog hvwlpdwh zlwk dq| suhflvlrq wkh sdudphwhuv ri d pruh jhqhudo
fryduldqfh pdwul{17
Wkurxjkrxw wklv vhfwlrq/ zh looxvwudwh wkh prgho zlwk wzr h{dpsohv1 Iru
hdvh ri h{srvlwlrq/ wkhvh h{dpsohv devwudfw iurp wkh srvvlelolw| ri qxuvlqj krph
fduh1 Lq erwk h{dpsohv/ wkh idplo| lqfoxghv wzr fkloguhq/ dqg wkh sduhqw lv
lqgl>huhqw dprqj wkh wkuhh fduh duudqjhphqwv1 Lq idplo| 4/ hdfk fklog zrxog
7Wkhuh duh d qxpehu ri gl>huhqw zd|v zh frxog doorz iru d pruh lqwhuhvwlqj huuru vwuxfwxuh1
Zh zrxog kdyh wr ghdo zlwk vhyhudo lvvxhv= vroylqj iru htxloleulxp/ lghqwl?fdwlrq/ dqg vroylqj
ruwkrjrqdolw| frqglwlrqv1 Zh frxog doorz iru khwhurvnhgdvwlflw| dfurvv idplo| phpehuv1 Exw/
wr lpsohphqw vxfk d vshfl?fdwlrq/ zh zrxog kdyh wr vshfli| krz wkh yduldqfh ghshqgv xsrq
vrph vxevhw ri revhuyhg h{sodqdwru| yduldeohv1 Lw lv xqolnho| wkdw wkh h{lvwlqj gdwd frxog khos
lghqwli| vxfk h>hfwv1 Dq| jhqhudol}dwlrq ri khwhurvnhgdvwlflw| zloo kdyh wkh vdph sureohpv1
Doorzlqj iru d shuvrq0vshfl?fh >hfw lv luuhohydqw ehfdxvh rqo| yduldwlrq dfurvv fkrlfhv zlwklq
d shuvrq pdwwhuv khuh1 Doorzlqj iru d fkrlfh vshfl?f ?{hg h>hfw ohdgv wr Khfnpdq*v +4<;4,
lqflghqwdo sdudphwhuv sureohp1 Doorzlqj iru d fkrlfh vshfl?fu d q g r ph >hfw dovr kdv dq lghq0
wl?fdwlrq lvvxh1 Pruh lqwhuhvwlqj fruuhodwlrq vwuxfwxuhv fdxvh doo wkuhh sureohpv phqwlrqhg
deryh1
:olnh wkh sduhqw wr uhfhlyh fduh exw zrxog suhihu qrw wr eh wkh fduhjlyhu1 Wklv











zkhuh wkh urzv uhsuhvhqw idplo| phpehuv +sduhqw/ fklog 4/ dqg fklog 5/ uhvshf0
wlyho|, dqg wkh froxpqv uhsuhvhqw rxwfrphv +sduhqw uhpdlqv lqghshqghqw/ fklog
4 fduhv iru wkh sduhqw/ dqg fklog 5 fduhv iru wkh sduhqw/ uhvshfwlyho|,1 Lq idplo|
5/ hdfk fklog zrxog olnh wr fduh iru wkh sduhqw exw zrxog suhihu iru wkh sduhqw
wr uhpdlq lqghshqghqw wkdq wr uhfhlyh fduh iurp wkh rwkhu fklog1 Wklv idplo|











Pruh jhqhudoo|/ wkh idplo| sod|v d wzr0vwdjh/ qrq0frrshudwlyh jdph wr gh0
whuplqh wkh sduhqw*v orqj0whup fduh duudqjhphqw1 Lq wkh ?uvw vwdjh ri wkh jdph/
hdfk fklog l ghflghv zkhwkhu wr r>hu wr eh wkh sulpdu| fduhjlyhu wdnlqj dv jlyhq
wkh ￿ Y *v/ wkh glvwulexwlrq ri %o iru doo o 9@ l/ dqg khu rzq uhdol}dwlrq ri %l= Wkhq/
vlpxowdqhrxvo|/ hdfk fklog dqqrxqfhv zkhwkhu vkh r>huv fduh iru wkh sduhqw18 Lq
wkh vhfrqg vwdjh/ wkh sduhqw fkrrvhv khu prvw suhihuuhg fduh duudqjhphqw iurp
dprqj wkh dydlodeoh dowhuqdwlyhv/ qdpho| dq| r>huv pdgh lq wkh ?uvw vwdjh/ qxuv0
lqj krph fduh/ dqg frqwlqxhg lqghshqghqfh1 Zh dvvxph wkdw wkh sduhqw frxog
dozd|v vhohfw qxuvlqj krph fduh ru frqwlqxhg lqghshqghqfh1 Lq vrph flufxp0
vwdqfhv/ krzhyhu/ wkhvh duudqjhphqwv pd| eh yhu| xqghvludeoh1 Iru h{dpsoh/
li wkh sduhqw*v khdowk suhyhqwv khu iurp wdnlqj fduh ri khuvhoi dqg wkh sduhqw
fdqqrw d>rug wr kluh d sulydwh qxuvh/ wkhq wkh sduhqw*v xwlolw| dvvrfldwhg zlwk
frqwlqxhg lqghshqghqfh pd| eh d odujh qhjdwlyh qxpehu1 Lq wxuq/ wkh sured0
elolw| wkdw wkh sduhqw zrxog vhohfw frqwlqxhg lqghshqghqfh lq wkh vhfrqg vwdjh
ri wkh jdph pd| dssurdfk }hur1
Dv phqwlrqhg hduolhu/ d idplo| zlwk q fkloguhq idfhv q .5srwhqwldo fduh
duudqjhphqw fkrlfhv1 Wkh sduhqw ri q fkloguhq wkxv kdv +q .5 , $srvvleoh suhihu0
hqfh udqnlqjv ryhu wkh srwhqwldo fduh duudqjhphqwv1 Ohw wkh yhfwru vn uhsuhvhqw
wkh sduhqw*v suhihuhqfhv zkhuh vn lv d shupxwdwlrq ri wkh lqwhjhuv i3>4>===>q.4j/
n lv dq lqwhjhu ehwzhhq 4 dqg +q .5 , $ /d q gvnm lv wkh mwk ehvw dowhuqdwlyh zkhq
suhihuhqfhv duh vn1 Wkhq wkh suredelolw| ri d sduwlfxodu udqnlqj/ ghqrwhg un/l v
un @S u ^ Y3vnm AY 3vnm.4 iru doo m?q.4 ‘ = +5,
Li vn4 @3 / wkhq wkh sduhqw frqwlqxhv wr olyh lqghshqghqwo|1 Li vn4 @ q.4/ wkhq
wkh sduhqw pryhv wr d qxuvlqj krph1 Rwkhuzlvh/ wkh sduhqw fkrrvhv khu prvw
suhihuuhg dydlodeoh rxwfrph1 Lq rxu h{dpsohv/ v3 @+ v4>v 5>==>v 9, lv
8Lq wkh devhqfh ri d fohdu wkhruhwlfdo edvlv iru ghwhuplqlqj wkh rughu ri vhtxhqwldo r>huv/









dqg un @4 @9 iru doo n ehfdxvh wkh sduhqw lv lqgl>huhqw dprqj doo vl{ rughulqjv19
Jlyhq wkh dydlodeoh lqirupdwlrq derxw rwkhu idplo| phpehuv/ fklog l fdq
frpsxwh sm/ wkh suredelolw| wkdw fklog m r>huv fduh1 Gh?qh s3 @ sq.4 @4
iru frpsohwhqhvv lq wkdw frqwlqxhg lqghshqghqfh +m @3 , dqg qxuvlqj krph
fduh +m @ q .4 , duh dozd|v dydlodeoh1 Odwhu lq wkh vhfwlrq/ zh vkrz krz wr
frpsxwh sm/ 3 ?mØ q1 Wkh yhfwru ri s*v fdq eh xvhg e| fklog l wr frpsxwh
khu h{shfwhg qhw ehqh?wr ir >hulqj fduh/ ghqrwhg xl1 Fklog l*v h{shfwhg qhw
ehqh?wr ir >hulqj fduh lv wkh gl>huhqfh ehwzhhq khu h{shfwhg xwlolw| li vkh r>huv
fduh dqg khu h{shfwhg xwlolw| li vkh grhv qrw r>hu fduh1 Li wkh sduhqw suhihuv
frqwlqxhg lqghshqghqfh ru qxuvlqj krph fduh wr fduh surylghg e| fklog l ru li
wkh sduhqw suhihuv fduh surylghg e| dqrwkhu fklog dqg wkdw fklog r>huv fduh/ wkhq
wkh rxwfrph ri wkh jdph grhv qrw ghshqg rq zkhwkhu fklog l r>huv fduh1 Lq vxfk
d fdvh/ fklog l*v qhw ehqh?wr ir >hulqj fduh lv }hur1 Wkxv/ xl pd| eh h{suhvvhg
dv wkh gl>huhqfh ehwzhhq fklog l*v xwlolw| dv sulpdu| fduhjlyhu pxowlsolhg e| wkh
suredelolw| wkdw wkh sduhqw zrxog dffhsw khu r>hu li vkh zhuh wr pdnh dq r>hu
dqg khu h{shfwhg xwlolw| li vkh grhv qrw r>hu fduh +dqg wkxv vrph rwkhu rxwfrph
lv vhohfwhg, jlyhq wkdw wkh sduhqw zrxog kdyh dffhswhg khu r>hu kdg vkh pdgh
rqh1
Frqvlghu wkh fdvh zkhuh fduh surylghg e| fklog l lv wkh mwk ehvw ryhudoo
















eh wkh suredelolw| wkdw fklog l lv wkh ehvw dydlodeoh dowhuqdwlyh iurp wkh sduhqw*v
shuvshfwlyh lq wkh hyhqw wkdw fklog l r>huv fduh1 Vlqfh fduh surylghg e| fklog l
lv wkh mwk ehvw ryhudoo dowhuqdwlyh/ wkhq wklv rxwfrph fdq eh wkh ehvw dydlodeoh
dowhuqdwlyh rqo| li wkh sduhqw suhihuv wklv rxwfrph wr dowhuqdwlyhv 3 +frqwlqxhg
lqghshqghqfh, dqg q .4+qxuvlqj krph fduh, dqg li wkh fkloguhq uhsuhvhqwlqj
wkh m ￿ 4 suhihuuhg dowhuqdwlyhv gr qrw r>hu fduh1 Wkxv/ htxdwlrq +6, vxpv
suredelolwlhv un iru doo n vxfk wkdw wkrvh frqglwlrqv krog1
Frqvlghu wkh fdvh zkhuh fklog vno r>huv fduh1 Jlyhq wkdw fduh surylghg e|






















9Vlqfh prylqj wr d qxuvlqj krph lv qrw dq rswlrq lq rxu h{dpsohv/ wkhuh duh E? n￿ ￿ -’S
srvvleoh suhihuhqfh udqnlqjv1
<dv wkh suredelolw| wkdw fduh surylghg e| fklog vno lv wkh ehvw dydlodeoh dowhuqdwlyh
iurp wkh sduhqw*v shuvshfwlyh lq wkh hyhqw wkdw fklog l r>huv qr fduh exw fduh
surylghg e| fklog l lv wkh ehvw dydlodeoh dowhuqdwlyh lq wkh hyhqw wkdw fklog l r>huv
fduh 1 Vlplodu wr htxdwlrq +6,/ dowhuqdwlyhv 3 dqg q.4 pxvw eh zruvh dowhuqdwlyhv
dqg/ rwkhu wkdq fklog l/ wkh fkloguhq uhsuhvhqwlqj wkh ehvw o ￿ 4 dowhuqdwlyhv gr
qrw r>hu fduh1 Dovr/ fklog vno pxvw kdyh r>huhg fduh1 Wkxv/ htxdwlrq +7, vxpv











Wkh whup pxowlsolhg e| Yll lv wkh suredelolw| wkdw fduh surylghg e| fklog l lv
wkh sduhqw*v prvw suhihuuhg dydlodeoh rxwfrph jlyhq wkdw fklog l r>huv fduh> lw lv
wkh suredelolw| wkdw fduh surylghg e| fklog l lv wkh mwk ehvw dowhuqdwlyh Sr +l>m,
vxpphg ryhu m1 Wkh vhfrqg whup lv d zhljkwhg dyhudjh ri wkh Ylvno*v1 Hdfk
zhljkw lv wkh suredelolw| wkdw fduh surylghg e| fklog vno lv fkrvhq lq wkh hyhqw
wkdw fklog l grhv qrw r>hu fduh exw fduh surylghg e| fklog l zrxog kdyh ehhq wkh


















dqg x5 kdv d v|pphwulf irup1 Wkh whup pxowlsolhg e| Y44 lv wkh suredelolw| wkdw
fduh surylghg e| fklog 4 lv wkh ehvw dowhuqdwlyh iurp wkh sduhqw*v shuvshfwlyh
+vn @+ 4 >3>5, ru vn @+ 4 >5>3,, ru wkdw fduh surylghg e| fklog 5 lv wkh ehvw
dowhuqdwlyh dqg fduh surylghg e| fklog 4 lv wkh qh{w ehvw dowhuqdwlyh +vn @
+5>4>3,, dqg fklog 5 grhv qrw r>hu fduh> lq hlwkhu fdvh/ wkh sduhqw zrxog dffhsw
fklog 4*v r>hu dqg fklog 4 zrxog uhfhlyh Y441 Wkh whup pxowlsolhg e| Y43 lv wkh
suredelolw| wkdw fduh surylghg e| fklog 4 lv wkh ehvw dowhuqdwlyh dqg lqghshqghqfh
lv wkh qh{w ehvw dowhuqdwlyh +vn @+ 4 >3>5,, ru wkdw lqghshqghqfh lv wkh zruvw
dowhuqdwlyh +vn @+ 4 >5>3, ru vn @+ 5 >4>3,, dqg fklog 5 grhv qrw r>hu fduh> lq
hlwkhu fdvh/ wkh sduhqw zrxog uhpdlq lqghshqghqw lq wkh devhqfh ri dq r>hu
iurp fklog 4/ dqg fklog 4 zrxog uhfhlyh Y431 Wkh whup pxowlsolhg e| Y45 lv
wkh suredelolw| wkdw fduh surylghg e| fklog 4 lv wkh ehvw dowhuqdwlyh dqg fduh
surylghg e| fklog 5 lv wkh qh{w ehvw dowhuqdwlyh +vn @+ 4 >5>3,, dqg fklog 5
r>huv fduh> lq wklv fdvh/ wkh sduhqw zrxog dffhsw fklog 5*v r>hu lq wkh devhqfh
ri dq r>hu iurp fklog 4/ dqg fklog 4 zrxog uhfhlyh Y451 Li wkh sduhqw zrxog
suhihu uhpdlqlqj lqghshqghqw ryhu uhfhlylqj fduh iurp fklog 4 +vn @+ 3 >4>5,/
vn @+ 3 >5>4,/r uvn @+ 5 >3>4,,/ fklog 4*v ehkdylru kdv qr lpsdfw rq wkh rxwfrph>
wkxv/ suredelolwlhv dqg rxwfrphv dvvrfldwhg zlwk wkhvh suhihuhqfh udqnlqjv gr
qrw hqwhu htxdwlrq +9,1
Lq jhqhudo/ htxdwlrq +8, fdq eh zulwwhq dv
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dlm%lm lv wkh udqgrp frpsrqhqw ri xl lq htxdwlrq +:,1 Wkxv
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dqg s5 kdv d v|pphwulf irup +qrwh wkdw ￿ Y43 @3dqg wkxv glvdsshduv iurp




w k d wl ih d f ki d p l o |p h p e h um 9@ l eholhyhv wkdw sl @ sœ
l iru doo l/w k h qh d f ki d p l o |
phpehu m r>huv fduh zlwk suredelolw| sœ
m +zlwk wkh uhdol}dwlrq ghshqglqj xsrq
wkh uhdol}dwlrq ri %m,= Iljxuh 4 judskv s4 dv d ixqfwlrq ri sœ
5 dqg s5 dv d ixqfwlrq
ri sœ
4 iru hdfk idplo| lq rxu h{dpsohv1


















































Wkh lqwxlwlrq khuh lv vlplodu wr wkdw lq frpsxwlqj xl lq htxdwlrq +8,> rqh vxpv
wkh suredelolwlhv ryhu doo suhihuhqfh udqnlqjv zkhuh wkh uhohydqw fduh duudqjh0
phqw lv wkh sduhqw*v prvw suhihuuhg dydlodeoh dowhuqdwlyh1 Lq htxdwlrq +44,/ rqh
vxpv ryhu m wkh suredelolwlhv wkdw fduh surylghg e| fklog l lv wkh sduhqw*v mwk
prvw suhihuuhg dowhuqdwlyh/ wkdw wkh fkloguhq uhsuhvhqwlqj wkh ?uvw m ￿ 4 ehvw
dowhuqdwlyhv iurp wkh sduhqw*v shuvshfwlyh r>hu qr fduh/ dqg wkdw wkh sduhqw
suhihuv fduh surylghg e| fklog l wr frqwlqxhg lqghshqghqfh dqg qxuvlqj krph
fduh1 Wklv lv wkhq pxowlsolhg e| wkh suredelolw| wkdw fklog l r>huv fduh1 Lq htxd0
wlrq +45,/ rqh vxpv ryhu m wkh suredelolwlhv wkdw lqghshqghqfh lv wkh mwk ehvw
dowhuqdwlyh/ wkdw wkh fkloguhq uhsuhvhqwlqj wkh ?uvw m ￿ 4 ehvw dowhuqdwlyhv r>hu
qr fduh/ dqg wkdw frqwlqxhg lqghshqghqfh lv suhihuuhg wr qxuvlqj krph fduh1




































Wkh suredelolw| wkdw wkh sduhqw uhpdlqv lqghshqghqw t3 lv wkh suredelolw| wkdw
lqghshqghqfh lv wkh ehvw dowhuqdwlyh iurp wkh sduhqw*v shuvshfwlyh/ fduh surylghg
e| fklog 4 lv wkh ehvw dowhuqdwlyh dqg lqghshqghqfh lv wkh qh{w ehvw dowhuqdwlyh
dqg fklog 4 grhv qrw r>hu fduh/ fduh surylghg e| fklog 5 lv wkh ehvw dowhuqdwlyh
dqg lqghshqghqfh lv wkh qh{w ehvw dowhuqdwlyh dqg fklog 5 grhv qrw r>hu fduh/
ru lqghshqghqfh lv wkh zruvw dowhuqdwlyh exw qhlwkhu fklog r>huv fduh1 Wkh
suredelolw| wkdw fklog 4 surylghv fduh t4 lv wkh suredelolw| wkdw fduh surylghg
e| fklog 4 lv wkh ehvw dowhuqdwlyh dqg fklog 4 r>huv fduh ru wkdw fduh surylghg
e| fklog 5 lv wkh ehvw dowhuqdwlyh dqg fduh surylghg e| fklog 4 lv wkh qh{w ehvw
dowhuqdwlyh dqg fklog 4 r>huv fduh exw fklog 5 grhv qrw1 Qrwh wkdw wkh suredelolw|
wkdw fklog 5 surylghv fduh t5 kdv d v|pphwulf irup1
Lq qrqfrrshudwlyh jdph wkhruhwlf prghov/ lw lv iuhtxhqwo| wkh fdvh wkdw do0
orzlqj iru vlghsd|phqwv dprqj djhqwv vljql?fdqwo| h{sdqgv wkh vhw ri srvvleoh
htxloleuld +h1j1/ Ehuqkhlp/ Vfkohlihu/ dqg Vxpphuv 4<;8,1 Zh gr qrw doorz iru
vlghsd|phqwv ehfdxvh wkh| zrxog uhtxluh vwudwhjlhv wkdw duh wrr frpsolfdwhg
wr doorz iru htxloleulxp vroxwlrqv1 Dovr/ wkh vlghsd|phqw gdwd lq wkh rxu vdp0
soh lv ri srru txdolw| dqg uhvwulfwv rxu delolw| wr lghqwli| wkh sdudphwhuv ri d
prgho zkhuh vlghsd|phqwv sod| d nh| uroh1 Hqjhuv dqg Vwhuq +4<<;, doorz iru
vlghsd|phqwv lq d vxejdph ri wkhlu prgho1
457 Hfrqrphwulf Phwkrgrorj|
Lq rughu wr hvwlpdwh wkh prgho/ ?uvw zh vshfli|
￿ Ylm @ [3æ . [m# . Tlm￿ . hlm= +48,
Wkh yhfwru [3 lqfoxghv sduhqwdo fkdudfwhulvwlfv vxfk dv djh/ udfh/ jhqghu/ hgxfd0
wlrq/ dqg DGO lqglfdwruv1 Iru h{dpsoh/ Yl3/ wkh ydoxh wr idplo| phpehu l ri wkh
rxwfrph zkhuh wkh sduhqw uhpdlqv lqghshqghqw/ pd| ghshqg qhjdwlyho| rq wkh
qxpehu ri DGO sureohpv1 Iru 3 ?mØ q/ wkh yhfwru [m lqfoxghv fkdudfwhulvwlfv
ri wkh mwk dowhuqdwlyh vxfk dv fklog m*v jhqghu/ zrun vwdwxv/ dqg glvwdqfh iurp
wkh sduhqw> wkxv/ [m# phdvxuhv wkh h>hfw ri fklog fkdudfwhulvwlfv rq wkh ydoxh
wr idplo| phpehuv ri fduh surylghg e| wkdw fklog1 Wklv pd| lqfoxgh d phdvxuh
ri wkh txdolw| ri fduh wkdw fklog m surylghv dqg d phdvxuh ri wkh exughq wkdw
fklog m lqfxuv +wkdw lv lqwhuqdol}hg e| rwkhu idplo| phpehuv,1 Iru h{dpsoh/ d
fklog olylqj idu dzd| iurp wkh sduhqw pd| surylgh lqihulru fduh ru pd| lqfxu d
odujhu exughq/ doo hovh htxdo> dv d frqvhtxhqfh/ hdfk idplo| phpehu pd| sodfh
d uhodwlyho| orz ydoxh rq fduh surylghg e| wkdw fklog1: Lq jhqhudo/ zh fdqqrw
lghqwli| dowuxlvwlf frqfhuqv iru wkh sduhqw derxw wkh txdolw| ri fduh d sduwlfxodu
fklog zrxog surylgh iurp dowuxlvwlf frqfhuqv iru wkh fklog derxw wkh exughq vkh
zrxog lqfxu1 Iru m @ q .4 / wkh yhfwru [m lqfoxghv fkdudfwhulvwlfv ri qxuvlqj
krphv1 Iru h{dpsoh/ d idplo| olylqj lq d vwdwh zlwk kljk lqfrph ru dvvhw kxugohv
iru Phglfdlg qxuvlqj krph ?qdqflqj pd| eh pruh uhoxfwdqw wr xvh qxuvlqj krph
fduh wkdq d idplo| lq d vwdwh zlwk orz kxugohv/ doo hovh htxdo1 Wkh yhfwru Tlm
lqfoxghv gl>huhqfhv lq fkdudfwhulvwlfv ehwzhhq idplo| phpehu l dqg dowhuqdwlyh
m +gl>huhqfhv ehwzhhq vleolqjv, vxfk dv gl>huhqfhv lq jhqghu ru pdulwdo vwdwxv1
Wkh fruuhvsrqglqj frh!flhqwv/ æ>#> dqg ￿> duh wkh vdph iru doo idplo| php0
ehuv ehfdxvh yduldwlrq lq wkhvh frh!flhqwv dfurvv idplo| phpehuv zrxog qrw eh
lghqwl?hg1 Ilqdoo|/ hlm uhsuhvhqwv xqrevhuyhg fkdudfwhulvwlfv d>hfwlqj ￿ Ylm1;
Htxdwlrqv +<, dqg +48, dqg wkh htxloleulxp frqglwlrq ghwhuplqh wkh vhw ri
htxloleulxp fduh r>hu suredelolwlhv/ +sœ
4/ sœ
5/ 111/ sœ
q,1 D Jdxvv0Vhlgho dojrulwkp
zlwk surjuhvvlyh gdpshqlqj lv xvhg wr vroyh wkh htxloleulxp frqglwlrq1 Lq sdu0
wlfxodu/ ohw sn eh wkh nwk vwhs dssur{lpdwlrq ri wkh yhfwru ri s*v dqg dn wkh
fruuhvsrqglqj pdwul{ ri d*v lpsolhg e| htxdwlrqv +8, dqg +:,1 Dsso|lqj dn wr
htxdwlrq +<, surylghv d qhz dssur{lpdwlrq ri s1 Zh wdnh d frqyh{ frpelqdwlrq
ri wkh qhz dssur{lpdwlrq dqg sn>
sn.4 @ $s .+ 4￿ $,sn= +49,
Li $ @4 / wkhuh lv qr gdpshqlqj1 Zh ohw $ ghfuhdvh dv n lqfuhdvhv1 Frqyhujhqfh
lv uhdfkhg zkhq wkh fkdqjh lq s lv vpdoo1 Wklv phwkrg zrunv yhu| h!flhqwo|
:Hqjhuv dqg Vwhuq +4<<;, dgg dqrwkhu whup f￿￿B￿￿ zkhuh B￿￿ ’￿ E ￿ ’ ￿￿ wr glvwlqjxlvk
ehwzhhq wkh h>hfw ri d fklog fkdudfwhulvwlf rq d sduwlfxodu fklog*v suhihuhqfhv dqg rq doo idplo|
phpehu*v suhihuhqfhv1 Zh wulhg lqfoxglqj vxfk d whup exw frxog qrw hvwlpdwh ￿ dqg œ wrjhwkhu
zlwk dq| suhflvlrq1
;Wkh vshfl?fdwlrq ri wkh huuru lv wkh rwkhu gl>huhqfh lq vshfl?fdwlrq ri T ￿￿ ehwzhhq wklv
sdshu dqg Hqjhuv dqg Vwhuq +4<<;,1
46doprvw doo ri wkh wlph1 Jlyhq wkh yhfwru ri fduh r>hu suredelolwlhv/ wkh fduh
suredelolwlhv t duh ghwhuplqhg lq htxdwlrqv +44,/ +45,/ dqg +46,1
Wkh ghshqghqw yduldeoh iru idplo| p fdq eh h{suhvvhg dv d yhfwru \p zkhuh
\pm @4li m lv wkh fkrvhq fduh dowhuqdwlyh dqg \pm @3rwkhuzlvh1 Wkhq
H\p @ tp/ wkh yhfwru ri fduh suredelolwlhv1 Ohw |p @ \p ￿H\p eh wkh yhfwru
ri uhvlgxdov ri idplo| p/d q go h w| eh wkh uhvlgxdov vwdfnhg e| idplo|1 Ohw ] eh d
pdwul{ ri lqvwuxphqwv/ ghvfulehg lq Vwhuq +4<<8,/ wkdw duh qhhghg ehfdxvh vrph
fklog fkdudfwhulvwlfv/ lq sduwlfxodu glvwdqfh dqg zrun vwdwxv/ pd| eh hqgrjhqrxv1





wkh lqvwuxphqwdo yduldeohv hvwlpdwru ri º lv
a º @ dujplq
º
|3]]3|= +4:,
Li wkhuh zhuh qr srwhqwldo hqgrjhqhlw| sureohpv/ wkhq wkh lqvwuxphqwv zrxog
eh C orjH\p@Cº1 Krzhyhu/ zrun vwdwxv dqg glvwdqfh ri wkh fklog pd| eh hq0
grjhqrxv> wkh fkrvhq fduhjlyhu pd| fkdqjh khu zrun vwdwxv ru pryh forvhu wr
wkh sduhqw1 Zh frqwuro iru hqgrjhqhlw| e| xvlqj wkh 4<;5 zrun vwdwxv dqg glv0
wdqfh lq hydoxdwlqj C orjH\p@Cº1 Shrsoh olylqj lqghshqghqwo| lq 4<;5 zhuh yhu|
olnho| wr olyh lqghshqghqwo| lq doo uhohydqw |hduv sulru wr 4<;5 +vhh Vwhuq/ 4<<8,1
Vlqfh zh olplw wkh vdpsoh wr sduhqwv zkr olyh lqghshqghqwo| lq 4<;5/ wkhuh lv
qr yduldwlrq lq wkh ghshqghqw yduldeoh lq 4<;5 ru dq| uhohydqw |hdu sulru wr
lw1 Wkxv/ lqvwuxphqwv fdqqrw eh fruuhodwhg zlwk wkh odjjhg ghshqghqw yduldeoh1
Frqglwlrqlqj rq wkh sduhqw olylqj lqghshqghqwo| lq 4<;5 dowhuv wkh glvwulexwlrq
ri dq| xqrevhuydeohv lq 4<;71 Krzhyhu/ lq d vlplodu prgho/ Vwhuq +4<<7, vkrzv
wkdw/ wkrxjk wkhruhwlfdoo| uhohydqw/ wkh sureohp lv qrw hpslulfdoo| lpsruwdqw1
Ilqdoo|/ d vhfrqg rughu h{sdqvlrq ri H\p vkrzv wkdw wkh lqvwuxphqwv zloo eh
fruuhodwhg zlwk wkh uhvlgxdov xvhg lq htxdwlrq +4:, ehfdxvh H\p lv d qrqolqhdu
ixqfwlrq ri wkh hqgrjhqrxv uhjuhvvruv1< Zh shuiruphg d Prqwh Fduor vwxg|
wr phdvxuh wkh vl}h ri wkh eldv fdxvhg e| wklv sureohp1 Iru wklv dssolfdwlrq/
wkh vlpxodwhg eldvhv duh yhu| vpdoo dqg vwdwlvwlfdoo| lqvljql?fdqw ehfdxvh wkh
lqvwuxphqwv duh yhu| jrrg suhglfwruv ri wkh hqgrjhqrxv uhjuhvvruv1
Zh xvh d errwvwudsslqj surfhgxuh wr hvwlpdwh wkh fryduldqfh pdwul{ ri wkh
lqvwuxphqwdo yduldeohv hvwlpdwru ri º1 Lq sduwlfxodu/ frqglwlrqdo rq a º/z hv l p x 0
odwh iruw| lqghshqghqw vdpsohv ri gdwd jhqhudwhg e| wkh prgho1 Iru hdfk rqh/ zh
hvwlpdwh º/ dqg wkhq zh hvwlpdwh wkh vdpsoh fryduldqfh pdwul{ ri wkh hvwlpdwhg
º*v1 Zh dovr fdq xvh wklv surfhgxuh wr whvw iru vpdoo vdpsoh eldv1
Lq rughu wr yhuli| wkh lghqwl?fdwlrq ri wkh sdudphwhuv lq º/ frqvlghu whp0









Dv lq pxowlqrpldo orjlw/ doo whupv duh lghqwl?hg h{fhsw iru d edvh æm1R w k h u
uhvhdufkhuv kdyh wulhg wr phdvxuh wkh h>hfw ri idplo| vl}h rq fduh fkrlfhv e|
lqfoxglqj q dv d olqhdu h{sodqdwru| yduldeoh1 Qrwh wkdw lq htxdwlrq +4;,/ idplo|
<Zh wkdqn Wrp Pur} iru sdwlhqwo| h{sodlqlqj wklv wr xv1
47vl}h d>hfwv fkrlfhv lq wkdw lw d>hfwv wkh qxpehu ri rswlrqv dqg lw d>hfwv wkh
ydoxh ri hdfk rswlrq> lw lv qrw olqhdu1 Wkh h{wud dvvxpswlrqv qhhghg rqfh zh
frqvlghu wkh pruh frpsolfdwhg prgho lq vhfwlrq 6 lv wkdw Cs@CyhfY dqg Ct@Cs
duh hdfk ixoo udqn1 Wklv fdq eh yhul?hg dw wkh hvwlpdwh ri º=
8U h v x o w v
814 Sdudphwhu Hvwlpdwhv
Wkh h{sodqdwru| yduldeohv lq wkh prgho idoo lqwr irxu fdwhjrulhv= fkdudfwhu0
lvwlfv ri wkh sduhqw/ fkdudfwhulvwlfv ri wkh fkloguhq/ phdvxuhv ri wkh uhodwlrq0
vkls ehwzhhq fkloguhq/ dqg srolf| yduldeohv1 Wkh sduhqwdo fkdudfwhulvwlfv lq0
foxghg lq wkh prgho duh jhqghu +IHPDOH,/ djh +DJH,/ hgxfdwlrqdo dwwdlqphqw
+HGXF,/ pdulwdo vwdwxv +PDUU\,/ udfh +EODFN,/ dqg d vhw ri gxpp| ydul0
deohv wkdw uhsuhvhqw sureohpv zlwk dfwlylwlhv ri gdlo| olih= jhwwlqj rxw ri ehg
+DGEHG,/ edwklqj +DGEWK,/ guhvvlqj +DGGUV,/ hdwlqj +DGHDW,/ xvlqj d
wrlohw +DGWOW,/ dqg zdonlqj lqvlgh +DGZNL,1 Rqh pljkw frqvlghu uhvshfli|lqj
rxu prgho vr wkdw Y lm ghshqgv rqo| rq wkh qxpehu ri DGO*v1 Krzhyhu/ wkh qxoo
k|srwkhvlv wkdw doo ri wkh DGO yduldeohv kdyh htxdo h>hfwv fdq eh uhmhfwhg dw
wkh 43( ohyho +"5
8 @< =69,1 Pruhryhu/ Hqjhuv dqg Vwhuq +4<<;, uhmhfw wkh vdph
qxoo k|srwkhvlv zlwk d "5
8 ydoxh ri 76915/ dqg Vwhuq +4<<8, uhmhfwv lw zlwk d "5
8
ydoxh ri 4;17 +zklfk duh erwk vljql?fdqw dw wkh 4( ohyho,1 Xqiruwxqdwho|/ wkh
prgho grhv qrw lqfoxgh dq| phdvxuhv ri wkh sduhqw*v ?qdqfldo vwdwxv ehfdxvh
wkh QOWFV lqfoxghv rqo| xquholdeoh lqfrph dqg dvvhw gdwd +Vwhuq/ 4<<8,1
Wkh srolf| yduldeohv lqyroyh Phglfdlg surjudp fkdudfwhulvwlfv wkdw ydu| e|
wkh sduhqw*v vwdwh ri uhvlghqfh1 Wkh yduldeoh SURJUDP lqglfdwhv zkhwkhu wkh
vwdwh kdv d 3phglfdoo| qhhg|4 surjudp1 Lq wkh suhvhqfh ri vxfk d surjudp/
lqglylgxdov pd| ghgxfw phglfdo frvwv iurp lqfrph lq ghwhuplqlqj holjlelolw| iru
Phglfdlg> wkxv/ lq vxfk vwdwhv/ pdq| plggoh0fodvv lqglylgxdov duh holjleoh iru
Phglfdlg fryhudjh ri qxuvlqj krph fduh1 Wkh yduldeohv UHVOLP dqg LQFOLP
uhsuhvhqw/ uhvshfwlyho|/ wkh vwdwh*v frxqwdeoh uhvrxufh +dvvhw, dqg zkhwkhu wkh
vwdwh kdv dq lqfrph olplw iru Phglfdlg holjlelolw|1
Wkh fklog fkdudfwhulvwlfv lqfoxghg lq wkh prgho duh jhqghu +IHPDOH,/ djh
+DJH,/ pdulwdo vwdwxv +PDUU\,/ glvwdqfh iurp wkh sduhqw +GLVWl/ l @4/ 5/111/
8,/ hpsor|phqw vwdwxv +ZRUN,/ vsrxvh*v hpsor|phqw vwdwxv +VZRUN,/ qxp0
ehu ri fkloguhq +FKLOG,/ dqg gxpplhv iru wkh roghvw pdoh fklog +RPF, dqg wkh
roghvw ihpdoh fklog +RIF,1 Lghdoo|/ wkh prgho zrxog dovr lqfoxgh yduldeohv lqgl0
fdwlqj wkh fkloguhq*v lqfrphv dqg wkh vl}hv ri wkhlu krphv1 Exw vxfk lqirupdwlrq
lv qrw dydlodeoh lq wkh QOWFV1
Wkh prgho dovr lqfoxghv yduldeohv wkdw uhsuhvhqw gl>huhqfhv ehwzhhq fkloguhq
wr fdswxuh wkh lglrv|qfudwlf uhodwlrqvklsv ehwzhhq fkloguhq1 Wkh lglrv|qfudwlf
uhodwlrqvkls ehwzhhq d sdlu ri fkloguhq lv phdvxuhg lq whupv ri wkh devroxwh
ydoxh ri wkhlu djh gl>huhqfh +DJH,/ wkh plqlpxp +PLQGLVW, dqg pd{lpxp
+PD[GLVW, srvvleoh glvwdqfhv ehwzhhq wkhp/43 zkhwkhu wkh wzr fkloguhq duh
43Zh revhuyh wkh glvwdqfh ehwzhhq hdfk fklog dqg wkh sduhqw exw qrw wkh glvwdqfhv ehwzhhq
48ri wkh rssrvlwh jhqghu +VH[,/ zkhwkhu wkh| kdyh gl>huhqw pdulwdo vwdwxvhv
+PDUU\,/ zkhwkhu wkh| kdyh gl>huhqw hpsor|phqw vwdwxvhv +ZRUN,/ dqg
zkhwkhu fklog m lv roghu wkdq fklog l +DJH3,1
Wkh qrupdol}dwlrq ri Ylm +wkh ydoxh wr lqglylgxdo l ri rxwfrph m, ydulhv dfurvv
fdwhjrulhv ri yduldeohv1 Wkh rxwfrph zkhuh wkh sduhqw uhfhlyhv fduh iurp d fklog
lv wkh edvh fdvh iru wkh sduhqwdo fkdudfwhulvwlfv rwkhu wkdq dfwlylw| ri gdlo| olih
sureohpv1 Wkxv/ zh doorz sduhqwdo fkdudfwhulvwlfv vxfk dv jhqghu/ djh/ dqg
pdulwdo vwdwxv wr kdyh gl>huhqw h>hfwv rq suhihuhqfhv iru doo wkuhh fdwhjrulhv ri
rxwfrphv +lqghshqghqw olylqj/ fduh iurp d fklog/ dqg qxuvlqj krph fduh,1 Rq wkh
rwkhu kdqg/ sureohpv zlwk dfwlylwlhv ri gdlo| olih prvw gluhfwo| d>hfw wkh sduhqw*v
delolw| wr olyh lqghshqghqwo|> wkxv/ zh phdvxuh wkh h>hfw ri DGOv rq olylqj
lqghshqghqwo| uhodwlyh wr doo ri wkh rwkhu dowhuqdwlyhv144 Vlqfh fkdudfwhulvwlfv ri
d sduwlfxodu fklog dqg uhodwlrqvklsv ehwzhhq fkloguhq duh xqolnho| wr d>hfw idplo|
phpehuv* uhodwlyh ydoxdwlrqv ri qxuvlqj krph fduh dqg lqghshqghqw olylqj/ wkh
h>hfwv ri wkhvh fkdudfwhulvwlfv duh qrupdol}hg wr }hur iru erwk rxwfrphv wkdw
gr qrw lqyroyh fduh iurp d fklog1 Vlploduo|/ wkh jhqhurvlw| ri d vwdwh*v Phglfdlg
surjudp lv xqolnho| wr d>hfw idplo| phpehuv* uhodwlyh ydoxdwlrqv ri wkh rxwfrphv
wkdw gr qrw lqyroyh qxuvlqj krph fduh1 Wkxv/ wkh h>hfwv ri srolf| yduldeohv duh
qrupdol}hg wr }hur iru wkh rxwfrphv zkhuh wkh sduhqw olyhv lqghshqghqwo| dqg
zkhuh wkh sduhqw uhfhlyhv fduh iurp d fklog 1
Wdeoh 5 glvsod|v wkh sdudphwhu hvwlpdwhv dqg wkh hvwlpdwhg vwdqgdug huuruv1
Dq L0suh?{ rq d sduhqwdo fkdudfwhulvwlf lqglfdwhv wkdw wkh fruuhvsrqglqj frh!0
flhqw phdvxuhv wkh h>hfw ri wkh fkdudfwhulvwlf rq wkh ydoxh wr hdfk idplo| phpehu
ri wkh rxwfrph zkhuh wkh sduhqw olyhv lqghshqghqwo|1 Vlploduo|/ dq Q0suh?{r qd
sduhqwdo fkdudfwhulvwlf ru d srolf| yduldeoh vljql?hv wkdw wkh frh!flhqw phdvxuhv
wkh yduldeoh*v h>hfw rq wkh ydoxh wr hdfk idplo| phpehu ri wkh rxwfrph zkhuh
wkh sduhqw olyhv lq d qxuvlqj krph1 Wkh fklog fkdudfwhulvwlfv kdyh FI0suh?{hv/
lqglfdwlqj wkdw wkh frh!flhqw phdvxuhv wkh h>hfw ri wkh fkdudfwhulvwlf rq wkh
ydoxh wr hdfk idplo| phpehu ri wkh rxwfrph zkhuh d fklog zlwk wkdw fkdudf0
whulvwlf surylghv fduh1 Wkh fklog gl>huhqfh yduldeohv kdyh FG0suh?{hv1 Wkhvh
frh!flhqwv phdvxuh wkh h>hfw ri wkh uhodwlrqvkls ehwzhhq fkloguhq l dqg m rq
wkh ydoxh wr fklog l ri wkh rxwfrph zkhuh fklog m fduhv iru wkh sduhqw1
Wkh uhvxowv vxjjhvw wkdw idplolhv* orqj0whup fduh ghflvlrqv ghshqg rq sduhqwdo
dqg fklog fkdudfwhulvwlfv1 Lq frqwudvw wr Sh}}lq dqg Vfkrqh +4<<9, zkr ?qg
wkdw gdxjkwhuv45 duh pruh olnho| wr fduh iru idwkhuv wkdq iru prwkhuv/ rxu uh0
vxowv vxjjhvw wkdw fduh surylghg e| fkloguhq lv ydoxhg pruh kljko| iru prwkhuv
wkdq iru idwkhuv/ doo hovh htxdo +L0IHPDOH ? 3/ Q0IHPDOH ? 3,1 Frqvlvwhqw
zlwk suhylrxv vwxglhv +Nrwolnr> dqg Pruulv/ 4<<3> Krhujhu/ Slfrqh/ dqg Vordq/
4<<9> Sh}}lq dqg Vfkrqh/ 4<<9/ 4<<:> Vordq/ Slfrqh/ dqg Krhujhu/ 4<<:,/ rxu
uhvxowv lqglfdwh wkdw lqghshqghqfh lv ydoxhg pruh kljko| iru pduulhg sduhqwv
fkloguhq1 Jlyhq wkh lqirupdwlrq rq hdfk fklog*v glvwdqfh iurp wkh sduhqw/ zh fdq frqvwuxfw
PLQGLVW dqg PD[GLVW dv sur{lhv iru wkh wuxh glvwdqfh ehwzhhq wkh wzr fkloguhq1
44Vrph suholpdu| pxowlqrpldo orjlw uhjuhvvlrqv dvvrfldwhg zlwk Vwhuq +4<<8, vxjjhvw wkdw
wkh sdudphwhuv phdvxulqj wkh gl>huhqwldo h>hfw ri DGO*v rq wkh ydoxh ri qxuvlqj krph fduh
wr fduh e| fkloguhq lv lqvljql?fdqw1
45Doo ri wkh fkloguhq lq Sh}}lq dqg Vfkrqh +4<<9, duh gdxjkwhuv1
49+L0PDUU\ A 3,/ zkloh lqvwlwxwlrqdo fduh lv ydoxhg pruh kljko| iru xqpduulhg
sduhqwv +Q0PDUU\ ? 3,1 Zh dovr ?qg hylghqfh wkdw idplo| phpehuv* ydoxd0
wlrq ri lqvwlwxwlrqdo fduh ghshqgv srvlwlyho| rq wkh sduhqw*v djh dqg hgxfdwlrqdo
dwwdlqphqw +Q0HGXF A 3/ Q0DJH A 3,1 Wkh h>hfw ri sduhqwdo hgxfdwlrq pd|
sduwldoo| uh hfw lqfrph h>hfwv ehfdxvh wkh prgho grhv qrw lqfoxgh d phdvxuh ri
sduhqwdo lqfrph1 Li vr/ wklv uhvxow lv vxusulvlqj lq oljkw ri hylghqfh wkdw kljkhu
lqfrph lv dvvrfldwhg zlwk lqfuhdvhg lqghshqghqfh +Krhujhu/ Slfrqh/ dqg Vordq/
4<<9> Sh}}lq dqg Vfkrqh/ 4<<9,1 Frqwudu| wr h{shfwdwlrqv/ rqo| rqh DGO sure0
ohp vljql?fdqwo| ghfuhdvhv wkh ydoxh wr idplo| phpehuv ri wkh rxwfrph zkhuh
wkh sduhqw olyhv lqghshqghqwo| +L0DGEWK?3,1 Vwxglhv wkdw phdvxuh sduhqwdo
glvdelolw| lq whupv ri wkh qxpehu ri DGO ru LDGO olplwdwlrqv +Krhujhu/ Slfrqh/
dqg Vordq/ 4<<9> Sh}}lq dqg Vfkrqh/ 4<<9/ 4<<:> Vordq/ Slfrqh/ dqg Krhujhu/
4<<:, w|slfdoo| ?qg vljql?fdqw h>hfwv ri wkhvh yduldeohv/ exw sduhqwdo khdowk/ dv
phdvxuhg e| d vhw ri gxpp| yduldeohv/ lv jhqhudoo| lqvljql?fdqw lq Nrwolnr> dqg
Pruulv +4<<3,1
Frqwuroolqj iru rwkhu sduhqwdo dqg fklog fkdudfwhulvwlfv/ zh ?qg wkdw/ doo hovh
htxdo/ fkloguhq zkr olyh forvh wr wkhlu sduhqwv duh ydoxhg pruh kljko| dv fduh
surylghuv +FI0GLVWl dssur{lpdwho| lqfuhdvhv lq devroxwh ydoxh lq l,1 Dovr/
rq dyhudjh/ gdxjkwhuv duh ydoxhg pruh kljko| dv fduh surylghuv wkdq duh vrqv
+FI0IHPDOHA3,1 Wklv uhvxow lv frqvlvwhqw zlwk suhylrxv vwxglhv1 Iru h{0
dpsoh/ Nrwolnr> dqg Pruulv +4<<3, uhsruw wkdw sduhqwv duh pruh olnho| wr olyh
zlwk d gdxjkwhu wkdq zlwk d vrq/ dqg Vordq/ Slfrqh/ dqg Krhujhu +4<<:, uh0
sruw wkdw gdxjkwhuv duh pruh olnho| wr fduh iru hoghuo| sduhqwv1 Dovr/ wkh ydoxh
wr fklog l ri wkh rxwfrph zkhuh fklog m surylghv fduh lv juhdwhu li fkloguhq l
dqg m gl>hu lq whupv ri jhqghu +FG0VH[A3,1 Wkxv/ rxu uhvxowv vxjjhvw wkdw
zrphq suhihu rxwfrphv zkhuh wkhlu eurwkhuv surylgh fduh wkdq rxwfrphv zkhuh
wkhlu vlvwhuv surylgh fduh dqg ylfh yhuvd1 Wkh FG0VH[ dqg FI0IHPDOH fr0
h!flhqwv wrjhwkhu lpso| wkdw/ zkloh fkloguhq suhihu fduhjlyhuv ri wkh rssrvlwh
jhqghu/ eurwkhuv kdyh d vwurqjhu suhihuhqfh iru vlvwhuv wkdq vlvwhuv gr iru eurwk0
huv1 Olnhzlvh/ dgxow fkloguhq sodfh pruh ydoxh rq wkh fduh surylghg e| vleolqjv
zlwk olihvw|ohv wkdw gl>hu iurp wkhlu rzq +FG0PDUU\A3/ FG0ZRUNA3,1 Shu0
kdsv fkloguhq ihho jxlow| qrw fdulqj iru dq hoghuo|/ ixqfwlrqdoo| lpsdluhg sduhqw/
sduwlfxoduo| li d vleolqj zlwk vlplodu fkdudfwhulvwlfv ru d vlplodu olihvw|oh fduhv
iru wkh sduhqw1 Shukdsv wkh uhdvrq zk| wkh FG0yduldeoh frh!flhqwv duh odujh lv
wkdw wkh pdmru yduldwlrq lq wkh ￿ Y 0pdwulfhv ryhu idplo| phpehuv lv gxh wr ydul0
dwlrq lq wkh FG0yduldeohv dqg wkxv wkh| qhhg wr h{sodlq pxfk ri wkh yduldwlrq
lq revhuyhg fkrlfhv1
Wkh srolf| yduldeoh uhvxowv duh glvdssrlqwlqj> qrqh ri wkhvh yduldeohv lv vlj0
ql?fdqw/ dqg rqo| wkh lqfrph olplw yduldeoh +Q0LQFOLP, kdv wkh h{shfwhg vljq1
Wklv uhvxow pd| rffxu ehfdxvh d kljk sursruwlrq ri qxuvlqj krph vwd|v lv ?0
qdqfhg sulydwho| vr wkdw Phglfdlg qxuvlqj krph ?qdqflqj srolf| pd| qrw eh
uhohydqw1 Lw pd| dovr rffxu ehfdxvh pdq| idplolhv kdyh ghylvhg zd|v wr jhw
durxqg wkh uxohv1 Wkh uhdo sureohp khuh lv wkdw zh kdyh d srru phdvxuh ri
Phglfdlg holjlelolw| ehfdxvh wkh lqfrph dqg zhdowk gdwd lq wkh QOWFV duh qrw
ri kljk hqrxjk txdolw| wr xvh khuh1 Fxwohu dqg Vkhlqhu +4<<6,/ xvlqj wkh vdph
gdwd vrxufh/ jhw vljql?fdqw hvwlpdwhv ri wkh h>hfw ri Phglfdlg ?qdqflqj uxohv
4:rq ghpdqg1 Exw/ wkh| gr vr e| xvlqj wkh lqfrph dqg zhdowk gdwd wkdw zh
wkrxjkw zhuh ri orz hqrxjk txdolw| wr dyrlg xvlqj146 Wkxv/ wkh vroxwlrq lv
w rg h y h o r sg d w dv h w vz l w kj r r gl q i r u p d w l r qr qh d f ki d p l o |p h p e h ud q gz l w k
jrrg lqirupdwlrq rq lqfrph dqg zhdowk1 Krhujhu/ Slfrqh/ dqg Vordq +4<<9,
uhsruw vljql?fdqw h>hfwv ri vhyhudo srolf| yduldeohv rq olylqj duudqjhphqwv ri wkh
hoghuo|= gluhfw vxevlglhv iru qxuvlqj krph fduh/ vwdwh srolflhv olplwlqj qxuvlqj
krph ehgv ru uhlpexuvhphqw/ dqg vwdwh srolflhv vxevlgl}lqj frppxqlw| olylqj1
Lq dgglwlrq/ Sh}}lq dqg Vfkrqh*v +4<<9/ 4<<:, srolf| vlpxodwlrqv uhyhdo vwurqj
h>hfwv ri d sxeolfo| surylghg xqlyhuvdo krph fduh surjudp rq olylqj dqg fduh
duudqjhphqwv iru wkh hoghuo|1
815 Frpsdudwlyh Vwdwlfv
Wkh frpsdudwlyh vwdwlfv suhvhqwhg lq Wdeoh 6 surylgh lqvljkw rq wkh pdjqlwxgh
ri wkh hvwlpdwhg h>hfwv1 Hdfk ri wkhvh wdeohv lqglfdwhv wkh suredelolwlhv ri wkh
ydulrxv rxwfrphv iru d edvh fdvh dqg iru d vhulhv ri fkdqjhv lq sduhqwdo/ fklog/
dqg srolf| fkdudfwhulvwlfv1 Iru doo edvh fdvhv/ wkh sduhqw lv dq hljkw|0|hdu rog/
zklwh ihpdoh zlwk 45 |hduv ri hgxfdwlrq1 Vkh kdv qr DGO sureohpv dqg olyhv
lq d vwdwh zlwkrxw d phglfdoo| qhhg| surjudp1 Doo ri wkh fkloguhq duh pduulhg
dqg hpsor|hg dqg olyh ehwzhhq 44 dqg 63 plqxwhv iurp wkh sduhqw +GLVW5,1
Wkh roghvw fklog +fklog 4, lv 88 |hduv rog/ dqg vxffhvvlyh fkloguhq duh wzr |hduv
dsduw1 Rgg fkloguhq duh ihpdoh/ zkloh hyhq fkloguhq duh pdoh1 Wkh wdeohv gl>hu
zlwk uhjdug wr idplo| vl}h dqg wkh sduhqw*v pdulwdo vwdwxv1 Wdeohv 6D dqg 6E
dsso| wr idplolhv zlwk wzr fkloguhq/ zkloh Wdeohv 6F dqg 6G dsso| wr idplolhv
zlwk irxu fkloguhq1 Wdeohv 6D dqg 6F lqyroyh xqpduulhg sduhqwv/ zkloh Wdeohv
6E dqg 6G lqyroyh pduulhg sduhqwv1
Iru h{dpsoh/ wkh ?uvw urz ri Wdeoh 6D lqglfdwhv wkh suredelolwlhv dvvrfldwhg
zlwk hdfk rxwfrph iru idplolhv zlwk wzr fkloguhq/ dq xqpduulhg sduhqw/ dqg
rwkhu edvh fdvh fkdudfwhulvwlfv1 Lq vxfk idplolhv/ wkh sduhqw +d prwkhu, idfhv d
:8( fkdqfh ri olylqj lqghshqghqwo|/ d 57( fkdqfh ri uhfhlylqj fduh iurp rqh
ri khu fkloguhq +d 48( fkdqfh ri uhfhlylqj fduh iurp wkh roghu fklog dqg d <(
fkdqfh ri uhfhlylqj fduh iurp wkh |rxqjhu fklog,/ dqg d 5( fkdqfh ri uhfhlylqj
lqvwlwxwlrqdo fduh1 Dv vkrzq lq wkh ?uvw urz ri Wdeoh 6E/ d pduulhg prwkhu lq
dq rwkhuzlvh lghqwlfdo idplo| idfhv dq <5( fkdqfh ri olylqj lqghshqghqwo|/ dq
;( fkdqfh ri uhfhlylqj fduh iurp rqh ri khu fkloguhq/ dqg doprvw qr fkdqfh ri
uhfhlylqj lqvwlwxwlrqdo fduh1
Wkh ?uvw urzv ri Wdeohv 6F dqg 6G surylgh dqdorjrxv lqirupdwlrq iru zrphq
zlwk edvh fdvh fkdudfwhulvwlfv dqg irxu fkloguhq1 Wkh wdeohv lqglfdwh wkdw/ iru
vxfk idplolhv/ wkh suredelolw| wkdw wkh prwkhu olyhv lqghshqghqwo| lv 8;( li vkh
lv xqpduulhg dqg ;8( li vkh lv pduulhg/ wkh suredelolw| wkdw vkh uhfhlyhv fduh
iurp d fklog lv 6:( li vkh lv xqpduulhg dqg 46( li vkh lv pduulhg/ dqg wkh
suredelolw| wkdw vkh uhfhlyhv lqvwlwxwlrqdo fduh lv 8( li vkh lv xqpduulhg dqg 5(
46Wkh rwkhu vljql?fdqw gl>huhqfh ehwzhhq Fxwohu dqg Vkhlqhu dqg zrun lq Vwhuq +4<<8,/
Hqjhuv dqg Vwhuq +4<<;, dqg wklv sdshu lv wkdw Fxwohu dqg Vkhlqhu djjuhjdwh wkh fkloguhq lqwr
rqh fkrlfh dqg wkhuhiruh gr qrw frqwuro iru fkdudfwhulvwlfv ri hdfk fklog dqg gr qrw kdyh wkh
hqgrjhqrxv fklog fkdudfwhulvwlfv sureohp zh kdyh1
4;li vkh lv pduulhg1 Wkxv/ doo hovh htxdo/ xqpduulhg prwkhuv duh derxw wkuhh wlphv
pruh olnho| wr uhfhlyh fduh iurp d fklog wkdq duh pduulhg prwkhuv1 Wkh fkdqfh
wkdw wkh prwkhu uhfhlyhv lqvwlwxwlrqdo fduh lv dovr vhyhudo wlphv juhdwhu li vkh lv
xqpduulhg wkdq li vkh lv pduulhg1
Kroglqj frqvwdqw doo rwkhu idfwruv lqfoxglqj pdulwdo vwdwxv/ wkh fkdqfh wkdw
d sduhqw uhfhlyhv fduh iurp d fklog dqg wkh fkdqfh wkdw d sduhqw uhfhlyhv lqvwl0
wxwlrqdo fduh ghshqg srvlwlyho| rq wkh qxpehu ri fkloguhq lq wkh idplo|1 Wkh
vhfrqg urzv ri Wdeoh 6 lqglfdwh wkdw/ olnh prwkhuv/ idwkhuv duh pruh olnho| wr
uhfhlyh fduh ri hlwkhu w|sh li wkh| duh xqpduulhg ru li wkh| kdyh d odujh idp0
lo|1 Dowkrxjk pdulwdo vwdwxv dqg idplo| vl}h kdyh wkh vdph txdolwdwlyh h>hfwv
iru prwkhuv dqg iru idwkhuv/ wkh sduhqw*v jhqghu lq xhqfhv wkh suredelolwlhv ri
wkh ydulrxv rxwfrphv1 Uhodwlyh wr prwkhuv/ idwkhuv duh pruh olnho| wr uhpdlq
lqghshqghqw/ ohvv olnho| wr uhfhlyh fduh iurp d fklog/ dqg pruh olnho| wr uhfhlyh
lqvwlwxwlrqdo fduh iru doo irxu ri wkh fdvhv glvsod|hg lq Wdeoh 61
Wkh h>hfwv ri wkh fkloguhq*v jhqghuv duh sduwlfxoduo| vwulnlqj1 Dv looxvwudwhg
lq Wdeohv 6D dqg 6E/ sduhqwv zlwk edvh fdvh fkdudfwhulvwlfv dqg wzr fkloguhq
idfh frqvlghudeo| kljkhu fkdqfhv ri uhfhlylqj fduh iurp d fklog +dqg frqvlghudeo|
orzhu fkdqfhv ri olylqj lqghshqghqwo|, li erwk fkloguhq duh gdxjkwhuv wkdq li rqh
ru erwk fkloguhq duh vrqv1 Lq wkh fdvh ri dq xqpduulhg sduhqw/ iru h{dpsoh/ li
erwk fkloguhq duh ihpdoh/ wkh fkdqfh wkdw wkh sduhqw uhfhlyhv fduh iurp d fklog
lv 84( frpsduhg wr 57( li rqo| wkh ?uvw fklog lv ihpdoh/ 64( li rqo| wkh vhfrqg
fklog lv ihpdoh/ dqg 58( li erwk fkloguhq duh pdoh1 Wdeohv 6F dqg 6G uhyhdo
vlplodu sdwwhuqv uhjduglqj wkh h>hfwv ri wkh fkloguhq*v jhqghuv1
Dowkrxjk rqo| rqh DGO sureohp kdv d vwdwlvwlfdoo| vljql?fdqw h>hfw rq
idplo| phpehuv* suhihuhqfhv/ jlylqj wkh sduhqw d sureohp jhwwlqj rxw ri ehg/
edwklqj/ guhvvlqj/ ru hdwlqj kdv d uhodwlyho| odujh qhjdwlyh lpsdfw rq wkh sure0
delolw| wkdw wkh sduhqw olyhv lqghshqghqwo| iru doo irxu fdvhv glvsod|hg lq Wdeoh
61
816 Vshfl?fdwlrq Whvwv
Zh frqgxfw vhyhudo fkl0vtxduhg jrrgqhvv0ri0?w whvwv wr ghwhuplqh zkhwkhu wkh
prgho lv fruuhfwo| vshfl?hg1 Ohw ￿ | eh d sduwlfxodu yhfwru ri uhvlgxdov +lw pd|
eh gl>huhqw wkdq | lq htxdwlrq +716,, zlwk n hohphqwv dqg ￿ ￿ eh wkh fryduldqfh
pdwul{ ri ￿ |1 Wkhq wkh jrrgqhvv0ri0?w vwdwlvwlf lv ￿ |3￿ ￿￿4￿ | ￿ "5
n1 Wkh whvw vwdwlvwlf





p ￿ |p zkhuh p lqgh{hv wkh Qq
idplolhv ri vl}h q147 Lq rxu whvw vwdwlvwlfv/ vrph ri wkh hohphqwv ri ￿ | duh rxwolhuv
wkxv lq dwlqj wkh vwdwlvwlf1 Lq wkrvh fdvhv/ lq rughu wr phdvxuh zkhwkhu uhmhfwlrq
lv gxh wr d ihz rxwolhuv ru wr ryhudoo lqfrqvlvwhqf| zlwk wkh prgho/ zh fhqvru
￿ |3
p￿ ￿￿4
p ￿ |p dw wkh 1334"5
q￿4 ohyho iru hdfk p @4 >5>==>Qq dqg hdfk q lq wkh vslulw
ri Kxehu*v +4<;4, P0hvwlpdwruv1 Whfkqlfdoo|/ zh pxvw uhmhfw wkh prgho ryhudoo1
Exw lw lv fohdu wkdw wklv rffxuv rqo| ehfdxvh wkh prgho ?wv d vpdoo qxpehu ri
47Qrwh wkdw & ’
S
6E?3￿￿ø?1D o v rq r w hw k d w￿ l lv eorfn gldjrqdo zlwk ￿ l6 ehlqj wkh 6wk
eorfn iru 6 ’￿ c2cØØcø ?1
4<revhuydwlrqv yhu| srruo|1
Lq wkh ?uvw vshfl?fdwlrq whvw/ zh ohw ￿ | eh wkh yhfwru ri uhvlgxdov lq htxdwlrq
+4:,> wklv lv dq ryhudoo whvw iru jrrgqhvv0ri0?w1 Wkh xqfhqvruhg vwdwlvwlf zlwk
7933 ghjuhhv ri iuhhgrp lv 1598H.46 zklfk lv kljko| vwdwlvwlfdoo| vljql?fdqw1
Wkh whvw vwdwlvwlfv frqglwlrqdo rq idplo| vl}h duh dovr doo yhu| vljql?fdqw h{fhsw
iru idplolhv zlwk qr fkloguhq1 Krzhyhu/ zkhq wkh fhqvrulqj surfhgxuh lv xvhg wr
glplqlvk wkh h>hfw ri rxwolhuv/ wkh ryhudoo whvw vwdwlvwlf dqg doo ri wkh whvw vwdwlv0
wlfv vshfl?f wr idplo| vl}h ehfrph yhu| lqvljql?fdqw148 Zh glvdjjuhjdwhg wkh
whvw vwdwlvwlf e| sduhqw*v vwdwh ri uhvlghqfh dv zhoo wr orrn iru vwdwh h>hfwv1 Wkhuh
duh d ihz vwdwhv zlwk yhu| odujh vwdwlvwlfv/ exw wkh vxp ri fhqvruhg vwdwlvwlfv lv
qrw vljql?fdqw1
Zh dovr frqgxfw wzr vhwv ri vshfl?fdwlrq whvwv xvlqj gdwd rq idplolhv zkr
zhuh h{foxghg iurp rxu vdpsoh/ qdpho| :56 idplolhv lq zklfk wkh sduhqw uhfhlyhg
fduh iurp d fklog lq 4<;5 dqg 69 idplolhv zlwk lpsxwhg ydoxhv iru vrph ri wkh
yduldeohv xvhg lq rxu prgho zkhuh wkh lpsxwdwlrq phwkrg lqyroyhg d vljql?fdqw
jxhvv1 Wkh xqfhqvruhg dqg fhqvruhg "5 vwdwlvwlfv duh vljql?fdqw iru wkh :56 idp0
lolhv uhfhlylqj fduh iurp d fklog lq 4<;5 suredeo| ehfdxvh wkh fduh suredelolwlhv
hvwlpdwhg lq wkh prgho vkrxog eh lqwhusuhwhg dv frqglwlrqdo rq qrw uhfhlylqj
fduh lq 4<;51 Lq rwkhu zrugv/ 4<;7 fduh wudqvlwlrq suredelolwlhv ghshqg xsrq
wkh fduh vwdwh wkh idplo| lv vwduwlqj iurp lq 4<;51 Wklv srlqw lv pdgh lq Vwhuq
+4<<8, dqg Hqjhuv dqg Vwhuq +4<<;,1 Wkh 69 idplolhv zlwk xqfhuwdlq lpsxwhg
ydoxhv uhmhfw wkh prgho xvlqj wkh xqfhqvruhg "5 vwdwlvwlf exw gr qrw uhmhfw lw
xvlqj wkh fhqvruhg "5 vwdwlvwlf1
Rqh pljkw zruu| wkdw idplolhv zlwk pduulhg hoghuo| sduhqwv zrxog ehkdyh
gl>huhqwo| wkdq idplolhv zlwk vlqjoh sduhqwv lq zd|v wkdw fdqqrw eh fdswxuhg e|
d vlqjoh gxpp| yduldeoh dv lq Wdeoh 51 Lq sduwlfxodu/ rqh pljkw zruu| derxw
lqwhudfwlrq h>hfwv ri sduhqwdo pdulwdo vwdwxv dqg rwkhu h{sodqdwru| yduldeohv1
Lw lv yhu| frvwo| wr lqfoxgh d ixoo vhw ri lqwhudfwlrq h>hfwv lq wkh hvwlpdwlrq
surfhgxuh1 Krzhyhu zh fdq hdvlo| frqvwuxfw d Odjudqjh pxowlsolhu0olnh "5
whvw1 Ohw ￿ |P eh d yhfwru ri uhvlgxdov iru rqo| revhuydwlrqv zkhuh wkh sduhqw lv
pduulhg/ dqg ohw h tP @ [3
P￿ |P eh dq ruwkrjrqdolw| frqglwlrq dssolhg rqo| wr
pduulhg revhuydwlrqv1 Li doo pduulhg h>hfwv duh fdswxuhg e| d frqvwdqw/ wkhq
h t3
P e G￿4 +h tP, h tP ￿ "5
n
zkhuh e G￿4 +h tP, lv dq hvwlpdwh ri wkh lqyhuvh ri wkh fryduldqfh pdwul{ ri h tP
dqg n lv wkh qxpehu ri h{sodqdwru| yduldeohv lqfoxghg lq [1 Iru wkh sduhqw
yduldeohv/ wkh "5
4< lv 61;8 +zklfk lv qrw vljql?fdqw,/ iru wkh FI yduldeohv/ wkh
"5
46 lv 446678;15 +zklfk lv yhu| vljql?fdqw,/ dqg iru wkh FG yduldeohv/ wkh "5
:
lv 318;￿4343 +zklfk lv yhu| vljql?fdqw,1 Wklv vxjjhvwv wkdw pdulwdo vwdwxv grhv
qrw lqwhudfw zlwk rwkhu sduhqw fkdudfwhulvwlfv exw pd| lqwhudfw zlwk rwkhu fklog
fkdudfwhulvwlfv1 Zh kdyh vrph vnhswlflvp derxw wkh vl}h ri wkh fklog lqwhudfwlrq







2￿ ; ø Efc￿￿> wkh whvw lv d rqh0vlghg whvw zlwk rqo| odujh
srvlwlyh ydoxhv ri l￿ lpso|lqj uhmhfwlrq1 Iru wkh fhqvruhg vwdwlvwlfv/ l￿ ’0:179/ l2 ’0:157/
l￿ ’0<19</ le ’0<1;:/ dqg lD ’0:1841
53"5 vwdwlvwlfv ehfdxvh wkh| duh fdxvhg doprvw hqwluho| e| lqwhudfwlrq ri FI0GLVW8
dqg FG0ZRUN zklfk duh erwk phdvxuhg zlwk suhww| odujh vwdqgdug ghyldwlrqv1
Wkh prgho vhhpv wr h{sodlq wkh ehkdylru ri prvw idplolhv uhdvrqdeo| zhoo
zlwkrxw dq| hylghqfh ri reylrxv idplo| vl}h h>hfwv ru vwdwh h>hfwv1 Wkh jrrgqhvv0
ri0?w vwdwlvwlfv vxjjhvw wkdw g|qdplfv duh lpsruwdqw lq wkdw wudqvlwlrq suredelo0
lwlhv dprqj fduh dowhuqdwlyhv ghshqg xsrq wkh idplo|*v suhylrxv fduh ghflvlrq1
Rqfh d ihz rxwolhuv duh fhqvruhg/ wkh prgho lv frqvlvwhqw zlwk wkh gdwd1
9 Zhoiduh Dqdo|vlv
Wkh phfkdqlvp xvhg wr pdnh orqj0whup fduh ghflvlrqv lq xhqfhv wkh vhohfwhg
fduh duudqjhphqw dqg/ dv d uhvxow/ idplo| phpehuv* xwlolw| ohyhov1 Wkxv/ zh
frpsduh idplo| xwlolw| ohyhov iru irxu gl>huhqw ghflvlrq0pdnlqj phfkdqlvpv= rxu
vwudwhjlf prgho +VWUDWHJ,/ d idplo| xwlolw| pd{lpl}dwlrq prgho zkhuh dq
rpqlvflhqw vrfldo sodqqhu vhohfwv wkh rxwfrph zklfk pd{lpl}hv wkh vxp ri idplo|
phpehuv* xwlolw| ohyhov +XWLOLW,/ d olplwhg idplo| xwlolw| pd{lpl}dwlrq prgho
zkhuh wkh vrfldo sodqqhu fdqqrw revhuyh huuru whupv +OLPLWHG XWLOLW,/ dqg
dq dxwdufklf prgho zkhuh fkloguhq fdqqrw fduh iru wkh sduhqw +DXWDUF,149 Iru
U @43/333 lqghshqghqw gudzv ri wkh huuruv/ zh ghwhuplqh hdfk idplo|*v ghflvlrq
dqg hdfk idplo| phpehu*v h{shfwhg xwlolw| ohyho fruuhvsrqglqj wr hdfk ri wkh
irxu prghov1 Ohw xu
pl eh wkh xwlolw| ri idplo| phpehu l lq idplo| p jlyhq wkh
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￿ xpl zkhuh qp lv wkh qxpehu ri fkloguhq lq idplo| p1 Wdeoh 7
uhsruwv/ e| idplo| vl}h/ phdq idplo| xwlolw| ohyhov iru hdfk prgho +wkh dyhudjh
￿ xp, dqg wkh vwdqgdug ghyldwlrqv ri wkhvh phdqv1 Dovr e| idplo| vl}h dqg e|
prgho/ wkh wdeoh vkrzv wkh dyhudjh +ryhu doo lqglylgxdov, vwdqgdug ghyldwlrq ri
lqglylgxdo xwlolw| ohyhov +wkh dyhudjh ￿5
xpl,1
Uhodwlyh wr vwudwhjlf sod|/ wkh suhvhqfh ri hlwkhu dq rpqlvflhqw ru d olplwhg
vrfldo sodqqhu lpsuryhv wkh zhoo0ehlqj ri wkh dyhudjh fklog1 Dq rpqlvflhqw vr0
fldo sodqqhu ghfuhdvhv wkh zhoo0ehlqj ri wkh dyhudjh sduhqw lq idplolhv zlwk dw
ohdvw wzr fkloguhq/ zkloh d olplwhg vrfldo sodqqhu ghfuhdvhv wkh zhoo0ehlqj ri wkh
dyhudjh sduhqw lq idplolhv ri doo vl}hv1 Pruhryhu/ dv idplo| vl}h lqfuhdvhv/ wkh
lpsdfw ri d vrfldo sodqqhu rq wkh xwlolw| ohyhov ri fkloguhq dqg sduhqwv whqgv
wr lqfuhdvh1 Lq odujh idplolhv/ wkh xwlolw| ri wkh dyhudjh fklog dqg ryhudoo idplo|
xwlolw| duh frqvlghudeo| kljkhu li d vrfldo sodqqhu/ zkhwkhu rpqlvflhqw ru olplwhg/
lqwhuyhqhv wkdq li wkh idplo| phpehuv lqwhudfw vwudwhjlfdoo|1 Rqh pljkw zrq0
ghu zk| wkh idplo| fdqqrw dfklhyh wkh vrfldo sodqqhu*v htxloleulxp dqg pljkw
vxjjhvw wkdw lw lv gxh wr rxu uhvwulfwlrq rq vlgh sd|phqwv1 Zh gr qrw doorz iru
vlghsd|phqwv sduwldoo| ehfdxvh lw pdnhv wkh htxloleulxp wrr gl!fxow wr vroyh
dqg sduwldoo| ehfdxvh wkhuh lv vrph hylghqfh wkdw vlghsd|phqwv +dw ohdvw ?qdq0
fldo vlghsd|phqwv, sod| d vpdoo uroh lq idplo| ghflvlrq pdnlqj1 Exw/ dv vkrzq
49Vlqfh vwudwhjlf sod| dqg fduh surylghg e| d fklog duh uhohydqw rqo| lq idplolhv ri vl}h wzr
ru odujhu/ wkh prghov edvhg rq vwudwhjlf sod|/ dxwdufk|/ dqg dq rpqlvflhqw vrfldo sodqqhu duh
htxlydohqw lq idplolhv ri vl}h rqh1
54lq Hqjhuv dqg Vwhuq +4<<;,/ wkh h{lvwhqfh ri vlghsd|phqwv grhv qrw jxdudqwhh d
Sduhwr rswlpdo htxloleulxp14:
Qrw vxusulvlqjo|/ suhyhqwlqj fkloguhq iurp fdulqj iru wkh sduhqw ghfuhdvhv
wkh zhoo0ehlqj ri wkh dyhudjh sduhqw uhodwlyh wr wkh fdvh ri vwudwhjlf sod|1 Dv wkh
qxpehu ri fkloguhq dqg wkxv wkh qxpehu ri srwhqwldo r>huv lqfuhdvhv/ sduhqwv
ehqh?w pruh iurp doorzlqj fkloguhq wr surylgh fduh1 Wkh h>hfw ri dxwdufk| rq
fkloguhq*v zhoo0ehlqj lv xqfohdu1
Iru hdfk idplo| vl}h/ Wdeoh 7 dovr lqglfdwhv wkh suredelolw| wkdw wkh idplo|/
zkhq sod|lqj vwudwhjlfdoo|/ fkrrvhv wkh rxwfrph wkdw pd{lpl}hv idplo| xwlolw|
dqg wkh suredelolw| wkdw wkh idplo| fkrrvhv wkh rxwfrph wkdw jhqhudwhv wkh
vhfrqg kljkhvw idplo| xwlolw|1 Dv idplo| vl}h lqfuhdvhv/ wkh fkdqfh ri fkrrvlqj
wkh ehvw rxwfrph ghfuhdvhv1
Wkh 3froohfwlyh prgho4 lq Hqjhuv dqg Vwhuq +4<<;, lv d vlpsoh prgho zkhuh
doo ri wkh idplo| phpehuv frph wrjhwkhu dqg fkrrvh wkh fduh dowhuqdwlyh wkdw
pd{lpl}hv Y W
m lq htxdwlrq +4;,1 Wkxv/ e| dvvxpswlrq/ wkh suredelolw| wkdw wkh
idplo| fkrrvhv wkh rxwfrph wkdw pd{lpl}hv idplo| xwlolw| lv rqh1 Lw lv kljko|
olnho|/ wkhuhiruh/ wkdw wkdw prgho zloo kdyh gl>huhqw srolf| lpsolfdwlrqv wkdq
wkh rqh lq wklv sdshu1 \hw/ wkh gdwd duh qrw ulfk hqrxjk wr lghqwli| wkh wuxh
vwuxfwxuh ri wkh edujdlqlqj jdph1 Vr rqh vkrxog eh txlwh fdxwlrxv derxw gudzlqj
zhoiduh lpsolfdwlrqv iurp wkhvh prghov1 Dq dowhuqdwlyh pljkw eh wr xvh d ohvv
vwuxfwxuhg prgho vxfk dv Fxwohu dqg Vkhlqhu +4<<6, ru Vwhuq +4<<8,1 Exw wkh
odfn ri vwuxfwxuh hvvhqwldoo| phdqv wkdw wkh wuxh vwuxfwxuh lv qrw lghqwl?hg1 Vlqfh
wkh wuxh vwuxfwxuh vwloo kdv lpsruwdqw srolf| lpsolfdwlrqv/ rqh vkrxog eh mxvw dv
fdxwlrxv derxw xvlqj uhvxowv iurp wkhvh ohvv vwuxfwxuhg prghov1 Lq idfw/ d odujh
ehqh?w ri wkh vwuxfwxudo prgho uhvxowv lv wkdw wkh| lpso| vhulrxv olplwdwlrqv ri
xvlqj dq| ohvv vwuxfwxudo prgho wr shuirup srolf| dqdo|vlv> rqh zrxog qrw kdyh
nqrzq wklv zlwkrxw hvwlpdwlqj d qxpehu ri gl>huhqw vwuxfwxudo prghov1
: Frqfoxvlrqv
Zh kdyh suhvhqwhg d jdph0wkhruhwlf prgho ri idplo| ghflvlrq pdnlqj1 Wkh
prgho ohdgv wr uhdvrqdeoh hvwlpdwhv ri wkh pdujlqdo h>hfwv ri ydulrxv sduhqw
dqg fklog fkdudfwhulvwlfv rq fduhjlylqj ehkdylru1 Lq sduwlfxodu/ lw suhglfwv wkdw
prwkhuv duh pruh olnho| wkdq idwkhuv wr eh fduhg iru e| fkloguhq/ pduulhg sduhqwv
duh pruh olnho| wkdq vlqjoh sduhqwv wr olyh lqghshqghqwo|/ gdxjkwhuv duh pruh
olnho| wkdq vrqv wr fduh iru sduhqwv/ dqg idplo| phpehuv* ydoxdwlrq ri fduh
surylghg e| d fklog ghshqgv qhjdwlyho| rq wkh glvwdqfh ehwzhhq wkh sduhqw dqg
wkh fklog1 Rqfh zh frqwuro iru wkh lq xhqfh ri rxwolhuv lq wkh vshfl?fdwlrq whvwv/
wkh prgho lv frqvlvwhqw zlwk wkh gdwd1 Glvdssrlqwlqj uhvxowv frqfhuq wkh odfn ri
vljql?fdqfh ri DGOv dqg Phglfdlg yduldeohv lq suhglfwlqj fduh ghflvlrqv1
Wkh hvwlpdwhg prgho vxjjhvwv wkdw wkhuh duh vljql?fdqw jdlqv wr idplo| xwlo0
lw| e| hqfrxudjlqj fkloguhq wr surylgh fduh iru sduhqwv1 Dq rpqlvflhqw vrfldo
sodqqhu fdq shuirup frqvlghudeo| ehwwhu wkdq wkh idplo| phpehuv gr lq wkh
4:H{dpsohv ri vlghsd|phqw uxohv wkdw gr qrw ohdg wr Sduhwr rswlpdo ghflvlrqv duh uxohv wkdw
3vsolw uhqwv4 hyhqo| ru uxohv edvhg rq wkh Vkdsoh| ydoxh1
55vshfl?hg qrqfrrshudwlyh jdph1 Hyhq d vrfldo sodqqhu olplwhg wr d pruh uhd0
vrqdeoh lqirupdwlrq vhw shuirupv uhdvrqdeo| zhoo uhodwlyh wr idplo| phpehuv
sod|lqj vwudwhjlfdoo| lq idplolhv zlwk dw ohdvw wzr fkloguhq1
Wklv sdshu suhvhqwv d sduwlfxodu prgho ri idplo| ghflvlrq pdnlqj/ Hqjhuv
dqg Vwhuq +4<<;, suhvhqw wzr rwkhu prghov/ dqg Vwhuq +4<<8, suhvhqwv |hw d
irxuwk prgho1 Doo irxu surylgh uhdvrqdeoh uhvxowv1 Exw qrqh h{sodlqv wkh gdwd
vljql?fdqwo| ehwwhu wkdq wkh rwkhuv1 Lw dsshduv wkdw wkh gdwd duh qrw ulfk hqrxjk
wr +hpslulfdoo|, lghqwli| wkh ydulrxv prghov1 Rq wkh rqh kdqg/ wkh uhvxowv vxj0
jhvw wkdw rqo| vxevwdqwlyho| ulfkhu gdwd fdq jlyh xv jrrg lqirupdwlrq derxw
krz idplolhv pdnh fduhjlylqj ghflvlrqv1 Lw lv qrw reylrxv zkdw wkdw ulfkhu gdwd
vkrxog eh1 Uhfhqw zrun vxfk dv Eurzqlqj hw do1 +4<<7, kdv ghyhorshg zd|v
wr whdvh d olplwhg vhw ri fkdudfwhulvwlfv ri idplo| ghflvlrq pdnlqj rxw ri frq0
vxpswlrq gdwd1 Exw wkhuh lv qr reylrxv dqdorj wr mrlqw frqvxpswlrq lq wkh fdvh
ri idplolhv vsolw xs lqwr vhsdudwh krxvhkrogv zlwk vhsdudwh exgjhw frqvwudlqwv1
Edujdlqlqj wkhru| surylghv olwwoh khos dovr1 Wkh h{shulphqwdo olwhudwxuh rq edu0
jdlqlqj +vhh Urwk 4<<8, irfxvhv rq krz djhqwv sod| lq zhoo vshfl?hg jdphv
udwkhu wkdq zkdw wkh jdphv orrn olnh1 Rqh pljkw frqgxfw d vxuyh| zlwk vrph
rshq0hqghg txhvwlrqv dv lq Doohq/ Krjj/ dqg Shdfh +4<<5,1 Exw/ hyhq wkhq/ lw lv
gl!fxow wr lqwhusuhw vwdwhphqwv uhvsrqghqwv pdgh1 Iru h{dpsoh/ rqh fduhjlyhu
vdlg/ 3L*g kdyh olnhg hyhu|rqh frqfhuqhg wr kdyh jrw wrjhwkhu dqg wdonhg exw
wkh| qhyhu glg111L ihow li zh doo jrw wrjhwkhu iru d ihz krxuv dqg glvfxvvhg klv
qhhgv dqg zkr frxog gr zkdw111144; Rqh fdq lqwhusuhw wklv dv hylghqfh ri d
ghflvlrq0pdnlqj phfkdqlvp qrw lqyroylqj d idplo| phhwlqj zlwk yroxqwdu| sdu0
wlflsdwlrq dv lq Hqjhuv dqg Vwhuq +4<<;,1 Krzhyhu/ rqh dovr fdq lqwhusuhw wklv
dv dq h{dpsoh ri wkh h{lvwhqfh ri vxfk d idplo| phhwlqj zkhuh qr rqh exw wkh
uhvsrqghqw dqg wkh sduhqw sduwlflsdwhg1 Zh grxew rqh fdq dvn txhvwlrqv wkdw
holflw jrrg lqirupdwlrq iurp uhvsrqghqwv gluhfwo| derxw wkh ghflvlrq pdnlqj
surfhvv1 Srvvleo| rwkhu lqirupdwlrq vxfk dv jrrg vlghsd|phqwv gdwd ru ehw0
whu gdwd derxw uhodwlrqvklsv dprqj idplo| phpehuv pljkw vljql?fdqwo| khos lq
hydoxdwlqj prghov1
Rq wkh rwkhu kdqg/ wkh uhvxowv vxjjhvw wkdw d qxpehu ri hpslulfdo uhjxodu0
lwlhv duh txlwh urexvw wr wkh sduwlfxodu vwuxfwxudo vshfl?fdwlrq ri wkh prgho1 Lw
lv srvvleoh wkdw/ zkloh wkrvh uhjxodulwlhv duh urexvw/ rwkhu lpsolfdwlrqv ri wkh
prgho +h1j1/ h!flhqf| dqg glvwulexwlrqdo lpsolfdwlrqv, ydu|1 Wkh dgydqwdjh ri
wklv prghoolqj dssurdfk ryhu ohvv vwuxfwxudo dssurdfkhv lv wkdw zh fdq whvw iru
vxfk yduldwlrq rqfh zh kdyh vwuxfwxudo sdudphwhuv> vxfk dq h{huflvh zlwk d ohvv
vwuxfwxudo prgho zrxog eh lqihdvleoh1 Zh gr qrw gr vr khuh ehfdxvh/ dv |hw/ zh
duh qrw frqylqfhg wkdw Phglfdlg ?qdqflqj uxohv duh luuhohydqw1 Dv glvfxvvhg hdu0
olhu/ wkh srru gdwd rq lqfrph dqg zhdowk suhyhqw xv iurp phdvxulqj Phglfdlg
holjlelolw|1 Li lw rffxuv dw vrph srlqw wkdw zhoiduh uhvxowv duh vhqvlwlyh wr prgho
vwuxfwxuh/ wkhq wkdw lpsolhv wkdw ohvv vwuxfwxudo prghov duh qrw dssursuldwh
iru zhoiduh dqdo|vlv ehfdxvh wkh uhohydqw fkdudfwhulvwlfv ri wkh +xqghuvshfl?hg,
prgho zhuh qrw hvwlpdwhg1 Li/ rq wkh rwkhu kdqg/ lw rffxuv wkdw zhoiduh uhvxowv
duh qrw vhqvlwlyh wr prgho vwuxfwxuh/ wkhq dq| ri wkh vwuxfwxudo prghov fdq eh
4;Doohq/ Krjj dqg Shdfh +4<<5,/ s1 4641
56xvhg iru zhoiduh dqdo|vlv dqg srolf| h{shulphqwv1 Ri frxuvh/ d suhuhtxlvlwh wr
uhvroxwlrq ri wklv lvvxh lv gdwd wkdw doorz xv wr lghqwli| Phglfdlg ?qdqflqj uxoh
h>hfwv1
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Sdudphwhuv Hvwlpdwhg iurp Plfurgdwd14 Hfrqrphwulfd1 85= 48760487:1
^44‘ Khfnpdq/ Mdphv +4<;4,1 3Wkh Lqflghqwdo Sdudphwhuv Sureohp dqg wkh
Sureohp ri Lqlwldo Frqglwlrqv lq Hvwlpdwlqj d Glvfuhwh Wlph0Glvfuhwh Gdwd
Vwrfkdvwlf Surfhvv14 Vwuxfwxudo Dqdo|lv ri Glvfuhwh Gdwd Zlwk Hfrqrphwulf
Dssolfdwlrqv1 +hgv1, Fkduohv I1 Pdqvnl dqg Gdqlho PfIdgghq1 PLW Suhvv=
Fdpeulgjh/ Pdvv1
^45‘ Klqj/ Hvwkhu dqg Eduedud Eorrp +4<<3,1 Orqj0Whup Fduh iru wkh Ixqf0
wlrqdoo| Ghshqghqw Hoghuo|1 Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv1
57^46‘ Krhujhu/ Wkrpdv M1/ Jdeulho D1 Slfrqh/ dqg Iudqn D1 Vordq +4<<9,1 3Sxe0
olf Vxevlglhv/ Sulydwh Surylvlrq ri Fduh dqg Olylqj Duudqjhphqwv ri wkh
Hoghuo|14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1 :;+6,= 75;07731
^47‘ Krurzlw}/ Dp| +4<;8,1 3Idplo| Fduhjlylqj wr wkh Iudlo Hoghuo|14 Dqqxdo
Uhylhz ri Jhurqwrorj| dqg Jhuldwulfv1 9= 4<705791
^48‘ Krurzlw}/ Dp| dqg Orlv Vklqnhopdq +4<;6,1 3Vrfldo dqg Hfrqrplf Lqfhq0
wlyhv iru Idplo| Fduhjlyhuv14 Khdowk Fduh Ilqdqflqj Uhylhz1 8= 580661
^49‘ Krurzlw}/ Mrho +4<<5,1 3D Vprrwkhg Pd{lpxp Vfruh Hvwlpdwru iru wkh
Elqdu| Uhvsrqvh Prgho14 Hfrqrphwulfd1 93+6,= 83808651
^4:‘ Kr|huw/ G1 +4<<4,1 3Ilqdqfldo dqg Krxvhkrog H{fkdqjh Ehwzhhq Jhqhud0
wlrqv14 Uhvhdufk rq Djlqj1 46= 53805581
^4;‘ Kxehu/ Shwhu +4<;4,1 Urexvw Vwdwlvwlfv1 Zloh| dqg Vrqv1 Qhz \run1
^4<‘ Nrydu/ Pdu| Judfh +4<;;,1 3Djlqj lq wkh Hljkwlhv/ Shrsoh Olylqj Dorqh 0
Wzr \hduv Odwhu14 QFKV Dgydqfh Gdwd 47</ Dsulo1
^53‘ Nrwolnr>/ O1 dqg M1 Pruulv +4<<3,1 3Zk| Grq*w wkh Hoghuo| Olyh Zlwk Wkhlu
FkloguhqB D Qhz Orrn14 Lvvxhv lq wkh Hfrqrplfv ri Djlqj1 +hg1, Gdylg
Zlvh/ Xqlyhuvlw| ri Fklfdjr Suhvv1
^54‘ Ohh/ J1/ M1 Gz|hu dqg U1 Frzdug +4<<3,1 3Uhvlghqwldo Orfdwlrq dqg Sur{0
lplw| wr Fkloguhq Dprqj Lpsdluhg Hoghuo| Sduhqwv14 Uxudo Vrflrorj|1
88+7,= 8:<08;<1
^55‘ Pdfnhq/ F1 +4<;9,1 3DS u r ?oh ri Ixqfwlrqdoo| Lpsdluhg Hoghuo| Shuvrqv
Olylqj lq wkh Frppxqlw|14 Khdowk Fduh Ilqdqflqj Uhylhz1 := 660831
^56‘ Pdqwrq/ Nhqqhwk J1/ Oduu| Frughu/ dqg Hulf Vwdoodug +4<<:,1 3Fkurqlf
Glvdelolw| Wuhqgv lq Hoghuo| Xqlwhg Vwdwhv Srsxodwlrqv= 4<;504<<714 Sur0
fhhglqjv ri wkh Qdwlrqdo Dfdghp| ri Vflhqfhv1 <7= 58<6058<;1
^57‘ Pdwwkhzv/ Vdudk dqg Wlqd Urvqhu +4<;;,1 3Vkduhg Iloldo Uhvsrqvlelolw|=
Wkh Idplo| dv wkh Sulpdu| Fduhjlyhu14 Mrxuqdo ri Pduuldjh dqg wkh Idplo|1
83= 4;804<81
^58‘ PfIdgghq/ Gdqlho +4<;<,1 3D Phwkrg ri Vlpxodwhg Prphqwv iru Hvwlpd0
wlrq ri Glvfuhwh Uhvsrqvh Prghov Zlwkrxw Qxphulfdo Lqwhjudwlrq14 Hfrqr0
phwulfd1 8:= <<8043591
^59‘ PfIdgghq/ Gdqlho +4<<4,1 3Dgydqfhv lq Frpsxwdwlrq/ Vwdwlvwlfdo Phwkrgv
dqg Whvwlqj ri Glvfuhwh Fkrlfh Prghov14 Pdunhwlqj Ohwwhuv1 5+6,= 548055<1
^5:‘ Plfkdho/ Urehuw W1/ Ylfwru U1 Ixfkv/ dqg Vkdurq U1 Vfrww +4<;3,1 3Fkdqjhv
lq wkh Surshqvlw| wr Olyh Dorqh= 4<8304<:914 Ghprjudsk|1 4:= 6<0891
58^5;‘ Prujdq/ Ohvolh +4<;5,1 3Vrfldo Urohv lq Odwhu Olih= Vrph Uhfhqw Uhvhdufk
Wuhqgv14 Dqqxdo Uhylhz ri Jhurqwrorj| dqg Jhuldwulfv1 6= 880:<1
^5<‘ Qhxvfkohu/ Hgzdug dqg Fodluh Jloo +4<;9,1 3Phglfdlg Holjlelolw| iru wkh
Hoghuo| lq Qhhg ri Orqj0Whup Fduh14 Frqjuhvvlrqdo Uhvhdufk Vhuylfh1 Sxeo1
Qr1 ;9059/ Zdvklqjwrq/ GF1
^63‘ Sdnhv/ Dulho dqg Gdylg Sroodug +4<;<,1 3Vlpxodwlrq dqg wkh Dv|pswrwlfv
ri Rswlpl}dwlrq Hvwlpdwruv14 Hfrqrphwulfd1 8:= 435:0438;1
^64‘ Sdpsho/ Iuhg F1 +4<;6,1 3Fkdqjhv lq wkh Surshqvlw| wr Olyh Dorqh= Hyl0
ghqfh iurp Frqvhfxwlyh Furvv0Vhfwlrqdo Vxuyh|v/ 4<9304<:914 Ghprjudsk|1
53= 766077:1
^65‘ Sh}}lq/ Ololdqd H1 dqg Eduedud Vwhlqehuj Vfkrqh +4<<9,1 3Lqwhujhqhudwlrqdo
Wudqvihuv ri Wlph dqg Hoghuo| Olylqj Duudqjhphqwv= D Edujdlqlqj Prgho
ri Idplo| Uhvrxufh Doorfdwlrq Ghflvlrqv14 Xqsxeolvkhg pdqxvfulsw1
^66‘ Sh}}lq/ Ololdqd H1 dqg Eduedud Vwhlqehuj Vfkrqh +4<<:,1 3Lqwhujhqhudwlrqdo
Krxvhkrog Irupdwlrq/ Ihpdoh Oderu Vxsso| dqg Lqirupdo Fduhjlylqj= D
Edujdlqlqj Dssurdfk14 Xqsxeolvkhg pdqxvfulsw1
^67‘ Urwk/ Doylq +4<<8,1 3Edujdlqlqj H{shulphqwv14 Kdqgerrn ri H{shulphqwdo
Hfrqrplfv1 +hgv1, Mrkq Ndjho dqg Doylq Urwk1 Sulqfhwrq Xqlyhuvlw| Suhvv=
Sulqfhwrq/ QM1
^68‘ Vfkrrqryhu/ Fodluh/ Hodlqh Eurg|/ Fkulvwlqh Kr>pdq/ dqg Pruwrq Nohedq
+4<;;,1 3Sduhqw Fduh dqg Jhrjudsklfdoo| Glvwdqw Fkloguhq14 Uhvhdufk rq
Djlqj1 43= 7:507<51
^69‘ Vordq/ Iudqn D1/ Jdeulho Slfrqh/ dqg Wkrpdv M1 Krhujhu +4<<:,1 3Wkh Vxs0
so| ri Fkloguhq*v Wlph Wr Glvdeohg Hoghuo| Sduhqwv14 Hfrqrplf Lqtxlu|1
68+5,= 5<8063;1
^6:‘ Vshdu/ D1 dqg U1 Dyhu| +4<<6,1 3Zkr Khosv Zkrp lq Roghu Sduhqw0Fklog
Idplolhv14 Mrxuqdo ri Jhurqwrorj|1 7;+5,= V970V:61
^6;‘ Vshfwru/ Zlooldp G1/ Mrkq D1 Iohlvkpdq/ Ololdqd H1 Sh}}lq/ dqg Euhqgd F1
Vsloopdq +4<<<,1 3Wkh Fkdudfwhulvwlfv ri Orqj0Whup Fduh Xvhuv14 Lqvwlwxwh
ri Phglflqh Uhsruw rq wkh Txdolw| ri Orqj0Whup Fduh1 iruwkfrplqj1
^6<‘ Vwhuq/ Vwhyhq +4<<7,1 3Wzr G|qdplf Glvfuhwh Fkrlfh Hvwlpdwlrq Sureohpv
dqg Vlpxodwlrq Phwkrg Vroxwlrqv14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1
:9+7,= 9<80:351
^73‘ Vwhuq/ Vwhyhq +4<<8,1 3Hvwlpdwlqj Idplo| Orqj0Whup Fduh Ghflvlrqv lq
wkh Suhvhqfh ri Hqgrjhqrxv Fklog Fkdudfwhulvwlfv14 Mrxuqdo ri Kxpdq Uh0
vrxufhv1 63+6,= 88408;31
^74‘ Wuhdv/ M1 +4<::,1 3Idplo| Vxssruw V|vwhpv iru wkh Djhg= Vrph Vrfldo dqg
Ghprjudsklf Frqvlghudwlrqv14 Jhurqwrorjlvw1 4:= 7;907<41
59^75‘ Wuhdv/ M1 +4<;4,1 3Wkh Juhdw Dphulfdq Ihuwlolw| Ghedwh= Jhqhudwlrqdo Edo0
dqfh dqg Vxssruw ri wkh Djhg14 Jhurqwrorjlvw1 54+4,= <;04361
^76‘ Wuhdv/ M1/ U1 Jurqyrog/ dqg Y1 Ehujwvrq +4<;3,1 3Iloldo Ghvwlq|B Wkh H>hfw
ri Eluwk Rughu rq Uhodwlrqv zlwk Djlqj Sduhqwv14 Sdshu suhvhqwhg dw wkh
Dqqxdo Vflhqwl?f Phhwlqj ri wkh Jhurqwrorjlfdo Vrflhw| ri Dphulfd/ Vdq
Glhjr1
^77‘ Zroi/ Grxjodv +4<;7,1 3Nlq Dydlodelolw| dqg wkh Olylqj Duudqjhphqwv ri
Roghu Zrphq14 Vrfldo Vflhqfh Uhvhdufk1 46= :50;<1
^78‘ Zroi/ G1/ dqg E1 Vrogr +4<;;,1 3Krxvhkrog Frpsrvlwlrq Fkrlfhv ri Roghu
Xqpduulhg Zrphq14 Ghprjudsk|1 58+6,= 6;:07361
5:Wdeoh 4
Vdpsoh Prphqwv iru 4<;7 Gdwd
Sduhqw Yduldeohv
Yduldeoh Gh?qlwlrq Phdq Vw1 Ghy1
Uhfhlylqj Fduh iurp d Fklog 31488 31695
Olylqj lq Qxuvlqj Krph 313;9 315;4
Olylqj Lqghshqghqwo| 31:8< 3175;
IHPDOH Ihpdoh 3194< 317;9
DJH Djh ::168 91<9
HGXF Hgxfdwlrq <166 61:<
PDUU\ Pduulhg 31843 31833
EODFN Eodfn 313<; 315<;
DGEHG DGO Sureohp 0 Ehg 314:5 316::
DGEWK DGO Sureohp 0 Edwklqj 31653 3179:
DGGUV DGO Sureohp 0 Guhvvlqj 31534 31734
DGHDW DGO Sureohp 0 Hdwlqj 313<4 315;;
DGWOW DGO Sureohp 0 Wrlohw 31489 31696
DGZNL DGO Sureohp 0 Zdonlqj Lqvlgh 31489 31696
SURJUDP Vwdwh kdv d Phglfdoo| Qhhg| Surjudp 317<: 31833
UHVOLP Vwdwh Frxqwdeoh Uhvrxufh Olplw2433 4<1685 81639
LQFOLP Zkhwkhu Vwdwh kdv dq Lqfrph Olplw 316: 317;
Qxpehu ri Fkloguhq 41757
Fklog Yduldeohv
Yduldeoh Gh?qlwlrq Phdq Vw1 Ghy1
IHPDOH Ihpdoh 31793 317<;
DJH Djh 771;< 46193
PDUU\ Pduulhg 31;65 316:8
GLVW4 Glvwdqfh iurp Sduhqw Gxpp| 4 314;4 316;8
GLVW5 Glvwdqfh iurp Sduhqw Gxpp| 5 314;8 316;;
GLVW6 Glvwdqfh iurp Sduhqw Gxpp| 6 313<: 315<9
GLVW7 Glvwdqfh iurp Sduhqw Gxpp| 7 315<8 31789
GLVW8 Glvwdqfh iurp Sduhqw Gxpp| 8 31484 3168;
ZRUN Fklog Zrunv 3199; 317:4
VZRUN Fklog*v Vsrxvh Zrunv 318<6 317<4
FKLOG Qxpehu ri Fklog*v Fkloguhq 319;7 413:<
Qrwhv=
41 Vdpsoh vl}h lv 4<851
51 Wkh SURJUDP yduldeoh lv iurp Fxwohu dqg Vkhlqhu +4<<6,/ Wdeoh 6/
Froxpq 41
5;61 Wkh UHVOLP yduldeoh dqg wkh LQFOLP yduldeoh duh iurp Qhxvfkohu dqg
Jloo +4<;9,/ Wdeoh 4/ Sj1 441
71 Glvwdqfh gxpplhv iru fkloguhq duh 3@olylqj zlwk sduhqw +edvh fkrlfh,/
4@4wr 43 plqxwhv/ 5@4 4wr 63 plqxwhv/ 6@6 4wr 93 plqxwhv/ 7@9 4
plqxwhv wr ohvv wkdq 4 gd|/ dqg 8@juhdwhu wkdq ru htxdo wr 4 gd|1
81 Uhsruwhg VZRUN prphqwv duh frqglwlrqdo rq d vsrxvh ehlqj suhvhqw1
5<Wdeoh 5
Frh!flhqw Hvwlpdwhv
Yduldeoh Ydoxh Yduldeoh Ydoxh Yduldeoh Ydoxh
Q0FRQVW 051748-- Q0EODFN 03149< Q0LQFOLP 031349
+313:<, +31:38, +3148;,
L0FRQVW 031:73-- L0EODFN 31686 FI0IHPDOH 318<5--
+31453, +31:98, +314;4,
Q0IHPDOH 031875-- L0DGEHG 031765 FI0DJH 31336
+313;:, +31859, +3133<,
L0IHPDOH 0315<7-- L0DGEWK 031986-- FI0PDUU\ 031379
+31463, +315:<, +314<7,
Q0DJH 31358- L0DGGUV 03176: FI0GLVW@4 04134;--
+31346, +316::, +31649,
L0DJH 031345 L0DGHDW 04133< FI0GLVW@5 041954--
+3134:, +41946, +31:95,
Q0HGXF 31376-- L0DGWOW 031348 FI0GLVW@6 041834--
+31349, +318:7, +3167<,
L0HGXF 3136< L0DGZNL 31554 FI0GLVW@7 06159:--
+31356, +31495, +31:74,
Q0PDUU\ 0316:9-- Q0SURJUDP 0313;; FI0GLVW@8 0:19;;--
+314:;, +313;4, +41663,
L0PDUU\ 31;63-- Q0UHVOLP 31338 FI0ZRUN 031433
+31544, +31367, +31538,
63Wdeoh 5 +frqwlqxhg,
Yduldeoh Ydoxh Yduldeoh Ydoxh Yduldeoh Ydoxh
FI0VZRUN 3138< FG0VH[ 91;54-- FG0PLQGLVW 051:;<
+314<3, +41759, +41844,
FI0FKLOG 31368 FG0DJH 31<54 FG0PD[GLVW 061497
+3138<, +41594, +51443,
FI0RPF 31565 FG0DJH3 061335 FG0ZRUN 7516<9--
+31574, +51368, +51449,
FI0RIF 031358 FG0PDUU\ 51<<7--
+31587, +41687,
Qrwhv=
41 Yduldeohv duh gh?qhg lq Wdeoh 41 Frh!flhqw qdphv vwduwlqj zlwk L0 duh
iru krph lqghshqghqwo|/ frh!flhqw qdphv vwduwlqj zlwk Q0 duh iru qxuvlqj
krph/ frh!flhqw qdphv vwduwlqj zlwk FI0 duh iru fklog idplo| h>hfwv/ dqg
frh!flhqw qdphv vwduwlqj zlwk FG0 duh fklog gl>huhqfh h>hfwv1
51 Sduhqw djh lv gl>huhqfhg iurp ;3/ dqg sduhqw hgxfdwlrq lv gl>huhqfhg iurp
451
61 FG0VH[ @ 4 l> jhqghuv ri wzr fkloguhq duh gl>huhqw/ FG0DJH lv devr0
oxwh ydoxh ri gl>huhqfh ri djhv/ FG0DJHR @ 4 l> fklog l lv roghu wkdq
fklog m> FG0PDUU\ @ 4 l> wzr fkloguhq kdyh gl>huhqw pdulwdo vwdwxvhv/
FG0PLQGLVW lv plqlpxp srvvleoh glvwdqfh ehwzhhq wzr fkloguhq/ FG0
PD[GLVW lv pd{lpxp srvvleoh glvwdqfh ehwzhhq fkloguhq/ dqg FG0ZRUN
@4l > zrun vwdwxvhv ri wzr fkloguhq duh gl>huhqw1
71 Qxpehuv lq sduhqwkhvhv duh dv|pswrwlf vwdqgdug huuruv1 Grxeoh vwduuhg
lwhpv duh vljql?fdqw dw wkh 8( ohyho/ dqg vlqjoh vwduuhg lwhpv duh vljql?fdqw
dw wkh 43( ohyho1
64Wdeoh 6
Frpsdudwlyh Vwdwlfv
D1 D Idplo| zlwk 5 Fkloguhq dqg Vlqjoh Sduhqw
Fdvh Suredelolwlhv
Olyh Lqghshqghqwo| Fklog 4 Fklog 5 Lqvwlwxwlrqdo Fduh
EDVH 1:7:9 147;; 13;;7 13485
SDU VH[ 1;384 1444< 13939 13558
SDU DJH 1:5<; 14894 13<86 134;;
SDU HGXF 1:548 14953 14354 13478
SDU UDFH 1;65: 14367 13886 133;:
DGEHG 19733 14;93 14846 1355:
DGEWK 18;<< 149;3 15476 135::
DGGUV 196<3 14;94 14855 1355:
DGHDW 17<87 13876 17469 1369:
DGWOW 1:76< 14839 13<34 13487
DGZNL 1;343 14534 13999 13456
SDU PQS 1:7<8 147;9 13;;6 13469
FK4 VH[ 1:68: 13;8; 14968 13483
FK4 DJH 1:95< 147;6 13:65 13488
FK4 PDU 1:944 149874 138;3 13488
FK4 GVW3 1569: 1:8:8 13345 1337;
FK4 GVW4 18:;5 16:<8 13639 1344;
FK4 GVW6 19<44 14<56 14358 13474
FK4 GVW7 19333 13977 16567 13455
FK4 GVW8 1;737 13334 14757 134:4
FK4 ZUN 1:5;6 1589< 13333 1347;
FK5 VH[ 17:93 14979 167<: 133<:
FK5 DJH 1:6:5 14;3; 139:3 13483
FK5 PDU 1::4: 146:; 13:7; 1348:
FK5 GVW3 1663: 13339 19953 1339:
FK5 GVW4 19988 13766 15::9 13468
FK5 GVW6 1:37; 1477: 14695 13476
FK5 GVW7 18868 16<9< 136;7 13446
FK5 GVW8 1:87< 155<9 13335 13486
FK5 ZUN 1:8:; 1559; 13333 13487
FK5 VH[ 19::8 1344: 15<:3 1346;
65E1 D Idplo| zlwk 5 Fkloguhq dqg Pduulhg Sduhqw
Fdvh Suredelolwlhv
Olyh Lqghshqghqwo| Fklog 4 Fklog 5 Lqvwlwxwlrqdo Fduh
EDVH 1<4;6 13853 1358: 13373
SDU VH[ 1<7;8 13645 13479 13389
SDU DJH 1<3<5 138:6 135;9 13383
SDU HGXF 1<355 13958 13648 1336;
SDU UDFH 1<8:6 135:: 1345< 13354
DGEHG 1;775 13<:: 1384: 13397
DGEWK 1:<98 14584 13:38 133;3
DGGUV 1;766 13<;6 13853 13397
DGHDW 1:43; 149;3 14433 13445
DGWOW 1<495 13866 13597 13373
DGZNL 1<779 13688 1349< 13364
SDU PQS 1<4;; 13853 13589 13369
FK4 VH[ 1<77< 134;3 13663 13374
FK4 DJH 1<544 13848 13567 13373
FK4 PDU 1<4<5 13885 13549 13373
FK4 GVW3 183;; 17;:3 13353 13355
FK4 GVW4 1;5;5 14853 13495 13369
FK4 GVW6 1;<<9 139;8 135;3 1336<
FK4 GVW7 1<8;4 13368 13676 13374
FK4 GVW8 1<97; 13333 13643 13375
FK4 ZUN 1<573 13:49 13337 13373
FK5 VH[ 1;643 138;3 143:7 13369
FK5 DJH 1<4:4 1387< 13574 13373
FK5 PDU 1<553 137<4 1357< 13373
FK5 GVW3 195:: 13365 16997 1335:
FK5 GVW4 1;:73 13689 13;99 1336;
FK5 GVW6 1<395 1385; 136:4 1336<
FK5 GVW7 1<594 13996 13369 13373
FK5 GVW8 1<684 1393< 13333 13373
FK5 ZUN 1<6:< 13897 13349 13374
FK5 VH[ 1;<77 133<4 13<59 1336<
66F1 D Idplo| zlwk 7 Fkloguhq dqg Vlqjoh Sduhqw
Fdvh Suredelolwlhv
Olyh Lqghshqghqwo| Fklog 4 Fklog 5 Fklog 6 Fklog 7 Lqvwlwxwlrqdo Fduh
EDVH 18;59 145;; 13496 15439 13455 137<7
SDU VH[ 1988; 13<65 13546 146<6 13473 13:98
SDU DJH 1884; 14696 13477 155:4 13445 138<6
SDU HGXF 18767 1476: 1345; 15776 13437 13787
SDU UDFH 1:4;4 13;97 13559 145:3 1347: 13645
DGEHG 17478 14:75 13383 166<4 1338< 13946
DGEWK 166<: 14;6< 13355 1736: 13373 13999
DGGUV 1745< 14:78 1337< 16737 1338< 13947
DGHDW 15743 14;47 13339 17<<< 13359 13:79
DGWOW 18:9: 1463: 1348< 1547; 13453 137<<
DGZNL 1998; 14344 13547 14879 13478 13758
SDU PQS 18;:8 145;: 13498 15437 13457 13779
FK4 VH[ 1994< 135:3 139<6 14568 13955 13895
FK4 DJH 19636 13<34 13574 14;56 134<; 13868
FK4 PDU 197:7 13:79 135;3 14:45 1356< 1387<
FK4 GVW3 153:4 1:366 13336 13:4: 13333 134:9
FK4 GVW4 1787: 16484 13377 14;93 13345 136;9
FK4 GVW6 17735 15687 1337< 15:<7 1335: 136:7
FK4 GVW7 1785; 137;9 13566 16;95 13839 136;7
FK4 GVW8 19:97 13336 13873 14879 138:6 138:7
FK4 ZUN 19:;< 13333 1386; 14865 13898 138:9
FK5 VH[ 16885 13<93 15:54 15796 13335 13634
FK5 DJH 18:<6 146;5 13395 154:4 13434 137<5
FK5 PDU 18;3; 146:< 1335< 154<3 13435 137<6
FK5 GVW3 15<54 13334 19778 13368 13683 1357;
FK5 GVW4 18<63 1399: 144<7 146:< 1365: 13836
FK5 GVW6 189<5 1436: 13975 14<5< 1354: 137;6
FK5 GVW7 17487 14;:7 135;; 16578 133;9 13686
FK5 GVW8 18:99 14744 13334 15569 133<9 137;<
FK5 ZUN 18:;7 14739 13333 15556 133<9 137<4
FK5 VH[ 17758 13333 158:6 15939 13353 136:9
67G1 D Idplo| zlwk 7 Fkloguhq dqg Pduulhg Sduhqw
Fdvh Suredelolwlhv
Olyh Lqghshqghqwo| Fklog 4 Fklog 5 Fklog 6 Fklog 7 Lqvwlwxwlrqdo Fduh
EDVH 1;869 13789 134:3 138;7 13433 13487
SDU VH[ 1;<:6 135;8 13447 13674 13398 13556
SDU DJH 1;6:6 137<: 134;5 1397; 1343< 134<5
SDU HGXF 1;5<: 1386: 134<6 13:43 13449 1347;
SDU UDFH 1<534 13587 13435 13633 1338; 133;8
DGEHG 1:6<8 13;4: 13559 144;6 13479 13566
DGEWK 1999: 1438< 13544 1496< 13479 135:;
DGGUV 1:6;5 13;54 13559 144<4 13479 13567
DGHDW 1863; 1483; 13447 15955 133<; 13683
DGWOW 1;835 13799 134:6 138<< 13436 1348:
DGZNL 1;<:3 13653 1345: 136;; 133:6 13455
SDU PQS 1;886 13788 134:3 138;6 13433 1346;
FK4 VH[ 1;;74 1343: 1355: 13845 13487 13493
FK4 DJH 1;958 13738 13499 1387< 133<< 13489
FK4 PDU 1;97< 13744 13493 13863 133<8 13489
FK4 GVW3 17:7< 17::8 13343 136:< 13333 133;9
FK4 GVW4 1::3; 14753 13433 138<8 1336; 1346<
FK4 GVW6 1;554 139<8 1349; 139:7 133<6 1347<
FK4 GVW7 1:<88 13596 13663 14386 13588 13477
FK4 GVW8 1;<63 13333 13546 13876 13485 13494
FK4 ZUN 1;<73 13335 13543 1386; 1347; 13495
FK5 VH[ 1:87: 137<5 14357 13:98 13368 13469
FK5 DJH 1;885 137:< 13474 138:< 133<8 13488
FK5 PDU 1;8<6 13784 13467 138:3 133<: 13488
FK5 GVW3 1943< 1335: 16854 1343; 13458 13443
FK5 GVW4 1;59: 1365< 1398< 137:; 1344; 1347<
FK5 GVW6 1;738 13777 135<9 138<5 13444 13485
FK5 GVW7 1:<:4 139;7 1348: 13<45 13466 13477
FK5 GVW8 1;954 1383< 13333 13956 133<4 13489
FK5 ZUN 1;95; 13839 13333 1394; 133<6 13489
FK5 VH[ 1;47< 1336< 13;<9 139<9 133:6 1347:
68Qrwh 4=
Iru wkh edvh fdvh=
jhqghu @ Ihpdoh> Djh @ ;3> Hgxf @ 45> Udfh @ Zklwh> Sduhqw kdv qr DGOv
dqg qr phglfdoo| qhhg| surjudp> Rgg fkloguhq duh ihpdoh dqg hyhq fkloguhq duh
pdoh> Doo fkloguhq duh pduulhg/ zrun/ dqg olyh GLVW @ 5 iurp wkh sduhqw> Iluvw
fklog lv 88/ dqg hdfk rwkhu fklog lv 5 |hduv |rxqjhu wkdq wkh suhfhglqj fklog1
Qrwh 5=
SDU VH[ lv fkdqjh jhqghu ri sduhqw wr pdoh>
SDU DJH lv lqfuhdvh djh ri sduhqw e| 8 wr ;8>
SDU HGXF lv ghfuhdvh hgxfdwlrq ri sduhqw e| 6 wr <>
SDU UDFH lv pdnh sduhqw eodfn>
DGEHG lv jlyh sduhqw ehg DGO>
DGEWK lv jlyh sduhqw edwk DGO>
DGGUV lv jlyh sduhqw guhvvlqj DGO>
DGHDW lv jlyh sduhqw hdwlqj DGO>
DGWOW lv jlyh sduhqw wrlohw DGO>
DGZNL lv jlyh sduhqw zdon lqvlgh DGO>
SDU PQS lv jlyh sduhqw phglfdoo| qhhg| surjudp>
FK4 VH[ lv fkdqjh jhqghu ri ?uvw fklog wr pdoh>
FK4 DJH lv lqfuhdvh djh ri ?uvw fklog e| 5 wr 8:>
FK4 PDU lv fkdqjh pdulwdo vwdwxv ri ?uvw fklog wr vlqjoh>
FK4 GVW3 lv pdnh glvwdqfh ri ?uvw fklog @ 3>
FK4 GVW4 lv pdnh glvwdqfh ri ?uvw fklog @ 4>
FK4 GVW6 lv pdnh glvwdqfh ri ?uvw fklog @ 6>
FK4 GVW7 lv pdnh glvwdqfh ri ?uvw fklog @ 7>
FK4 GVW8 lv pdnh glvwdqfh ri ?uvw fklog @ 8>
FK4 ZUN lv fkdqjh zrun vwdwxv ri ?uvw fklog wr qrw zrunlqj>
FK5 VH[ lv fkdqjh jhqghu ri vhfrqg fklog wr pdoh>
FK5 DJH lv lqfuhdvh djh ri vhfrqg fklog e| 5 wr 88>
FK5 PDU lv fkdqjh pdulwdo vwdwxv ri vhfrqg fklog wr vlqjoh>
FK5 GVW3 lv pdnh glvwdqfh ri vhfrqg fklog @ 3>
FK5 GVW4 lv pdnh glvwdqfh ri vhfrqg fklog @ 4>
FK5 GVW6 lv pdnh glvwdqfh ri vhfrqg fklog @ 6>
FK5 GVW7 lv pdnh glvwdqfh ri vhfrqg fklog @ 7>
FK5 GVW8 lv pdnh glvwdqfh ri vhfrqg fklog @ 8>
FK5 ZUN lv fkdqjh zrun vwdwxv ri vhfrqg fklog wr qrw zrunlqj1
69Wdeoh 7
Zhoiduh Dqdo|vlv
Uhvxowv iru 9<9 Idplolhv ri Vl}h 4
Dyhudjh Idplo| Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 01799 1567 415;4
XWLOLW 01799 1567 415;4
DXWDUF 01799 1567 415;4
OLPLWHG XWLOLW 019:7 17;< 415;5
Sduhqw Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 01799 1567 415;4
XWLOLW 01799 1567 415;4
DXWDUF 01799 1567 415;4
OLPLWHG XWLOLW 019:7 17;< 415;5
Suredelolw| wkdw ehvw fkrlfh lv fkrvhq= 41333
Suredelolw| wkh vhfrqg ehvw fkrlfh lv fkrvhq= 1333
000000000000000000000
Uhvxowv iru 6<: Idplolhv ri Vl}h 5
Dyhudjh Idplo| Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 136< 41;38 41<66
XWLOLW 1678 41859 41:88
DXWDUF 018;6 51379 41<3;
OLPLWHG XWLOLW 01384 41<;4 41;45
Sduhqw Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 149: 1576 4163:
XWLOLW 14:5 15<8 41697
DXWDUF 0145< 1687 415;4
OLPLWHG XWLOLW 01358 17;6 415;4
6:Fkloguhq Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 0145: 176< 41785
XWLOLW 14:5 15<9 41697
DXWDUF 01786 1776 41747
OLPLWHG XWLOLW 01359 17;5 415;4
Suredelolw| wkdw ehvw fkrlfh lv fkrvhq= 1;44
Suredelolw| wkh vhfrqg ehvw fkrlvh lv fkrvhq= 148:
6;Uhvxowv iru 788 Idplolhv ri Vl}h 6
Dyhudjh Idplo| Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 017<; ;<13;4 ;1836
XWLOLW ;18;9 64913<7 51494
DXWDUF 01;56 8173: 51856
OLPLWHG XWLOLW ;1669 6441333 51553
Sduhqw Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 1645 137; 41639
XWLOLW 01479 17:; 41696
DXWDUF 01394 174: 415;4
OLPLWHG XWLOLW 015<3 1855 415;4
Fkloguhq Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 01;3< ;91769 ;1643
XWLOLW ;1:64 648176: 41;94
DXWDUF 01:95 51939 514:5
OLPLWHG XWLOLW ;1959 64713<4 41;46
Suredelolw| wkdw ehvw fkrlfh lv fkrvhq= 1858
Suredelolw| wkh vhfrqg ehvw fkrlfh lv fkrvhq= 1438
000000000000000000000
Uhvxowv iru 5:8 Idplolhv ri Vl}h 7
Dyhudjh Idplo| Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 041386 5841;56 461:<4
XWLOLW 56158; 495715:4 51866
DXWDUF 01:38 <1;68 61467
OLPLWHG XWLOLW 561485 49561:74 51898
Sduhqw Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 1796 01363 41635
XWLOLW 016:4 1935 41658
DXWDUF 1376 175; 415;4
OLPLWHG XWLOLW 0173< 1989 415;5
6<Fkloguhq Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 041849 5831434 4619:6
XWLOLW 56195< 49791495 51567
DXWDUF 01:7; 81<<6 51;8:
OLPLWHG XWLOLW 561894 49781;96 51554
Suredelolw| wkdw ehvw fkrlfh lv fkrvhq= 16<3
Suredelolw| wkh vhfrqg ehvw fkrlfh lv fkrvhq= 1574
73Uhvxowv iru 45< Idplolhv ri Vl}h 8
Dyhudjh Idplo| Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 01698 83716;3 5415<7
XWLOLW 6;1464 66;61;9: 51;63
DXWDUF 01<<7 441957 61:<3
OLPLWHG XWLOLW 6;1339 66:81833 51;9:
Sduhqw Xwlolw|
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 1883 01396 41646
XWLOLW 01735 1:9: 4164<
DXWDUF 135< 164< 415;5
OLPLWHG XWLOLW 0176; 1::: 415;4
Fkloguhq Xwlolw| =
Prgho Phdq Vwg Ghy ri Phdq Dyj Vwg Ghy
VWUDWHJ 01<48 8341493 541535
XWLOLW 6;1867 675413:8 51899
DXWDUF 041356 :1<<6 6189;
OLPLWHG XWLOLW 6;1777 67481898 51898
Suredelolw| wkdw ehvw fkrlfh lv fkrvhq= 1665
Suredelolw| wkh vhfrqg ehvw fkrlfh lv fkrvhq= 1533
Qrwhv=
41 VWUDWHJ lv wkh vwudwhjlf sod| prgho ghvfulehg lq wklv sdshu1 XWLOLW lv
wkh prgho zlwk dq rpqlvflhqw vrfldo sodqqhu/ DXWDUF lv wkh prgho zlwk
qr fduh iurp fkloguhq doorzhg/ dqg OLPLWHG XWLOLW lv wkh prgho zlwk
d vrfldo sodqqhu zlwk olplwhg lqirupdwlrq1
51 3Vwg Ghy ri Phdq4 lv wkh vwdqgdug ghyldwlrq ri wkh phdq xwlolw| shu idplo|1
3Dyj Vwg Ghy4 lv wkh dyhudjh vwdqgdug ghyldwlrq ryhu gl>huhqw gudzv ri
wkh huuruv dfurvv idplolhv1
74